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The Watt Road interchange that crosses over I-40 interstate in West Knox 
County, TN is associated with three travel centers which have overnight parking spaces 
for approximately 700 vehicles, primarily occupied by heavy heavy-duty diesel vehicles 
(HHDDV).   Field studies were conducted to characterize the traffic patterns by vehicle 
type within the I-40 and Watt Road corridors and travel centers, and to monitor and 
model PM2.5 concentrations resulting from the various vehicle activities within the 
corridors and at the PETRO travel center.  Traffic volumes and the associated vehicle 
mixes were measured for each hour of day.  Monitoring PM2.5 concentrations was 
conducted using a forward light scattering aerosol monitoring system (DataRAM, MIE, 
Inc.).  Modeling of the concentrations was also conducted using the CAL3QHC 
highway air pollutant prediction model to predict concentrations resulting from the 
vehicle activities.   
Total vehicle volumes measured on I-40 were about 3 times heavier during the 
daytime than during the night, while HHDDV volumes were less deviate and rather 
consistent throughout the day.  On Watt Road, total vehicle and HHDDV volumes were 
about 3 times heavier during the daytime than during the night.  In the travel centers, 
46.2 % of HHDDV were idling during the night while 40.7 % of them were idling 
during the daytime.  The ambient contributions of real-time PM2.5 concentrations 
attributed to vehicle traffic measured within the corridors were 0.3, 2.6, 6.8 and 8.9 
µg/m3 from a local highway (US-381), I-40/I-75, Watt Road and travel centers, 
 iii
respectively.  Ten minute average PM2.5 concentrations were monitored at the PETRO 
travel center under four different conditions: stable and unstable atmospheric conditions 
during dry meteorological periods, and stable and unstable atmospheric conditions 
immediately after a heavy rain.  PM2.5 concentrations contributed from the travel center 
were from 18 to 27 % of the downwind concentrations.  A comparison of the predicted 
and monitored concentrations suggests that PM2.5 concentrations monitored in the 
micro-scale of the travel center (downwind 10 to 20 meters from the emission source) 
may be more affected by an induced mechanical turbulence around HHDDV than by 
macro-scale atmospheric stabilities.  During dry meteorological periods, monitored 
PM2.5 concentrations may also have been influenced by re-entrainment of gray-black 
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1.1 General description of PM2.5 concentrations from on-road vehicles  
Fine particulate matter exhausted into the atmosphere from on-road vehicles, 
mainly diesel vehicles is a significant air pollutant.  The diesel vehicles produce 
particulate matter in less than 0.1µm ultra fine size that grows larger through nucleation, 
condensation and coagulation pathways (1).  The relative importance of fine particulate 
matter concentrations depends on the total vehicle volume and mix, and the atmospheric 
conditions, i.e., stable or unstable.  Fine particulate matter with less than 2.5 µm 
aerodynamic diameter (PM2.5), particularly from the contribution of the diesel fuel of 
the diesel vehicles, is known to damage human health, which is increasing relative lung 
cancer risk and respiratory disease and impact the environment, which are the visibility 
reduction in the air (2) and the plant growth retardation in the soil (3).   In 1997, EPA 
promulgated an ambient PM2.5 concentration standard of 65 µg/m3 for 24-hr average 
and 15 µg/m3 for the annual arithmetic mean.   
 
1.2 Objective of the study 
The objective of this study was to characterize traffic patterns and mixes and 
measure ambient air quality (focused on PM2.5 concentrations) associated with a major 
urban interstate with an interchange and travel centers.  The Watt Road interchange that 
crosses over I-40 interstate is associated with three large travel centers with 
 1
approximately 700 overnight parking spaces that are primarily occupied by heavy 
heavy-duty diesel vehicles (HHDDV, >33,000 lbs. GVW).  Vehicle volumes were 
measured within the corridors of the interstate and the interchange, and in the travel 
centers.  Vehicle mixes were estimated based on the measured vehicle volumes by hour 
for six vehicle types: light-duty gasoline vehicles (LDGV), light-duty gasoline trucks 
(LDGT), heavy-duty gasoline vehicles (HDGV), heavy heavy-duty diesel vehicles 
(HHDDV), buses (BUS) and motorcycles (MC).  To measure the ambient PM2.5 
concentration contributions by idling HHDDV in the PETRO travel center, ten minute 
average concentrations were monitored upwind and downwind of the travel center using 
a forward light scattering portable particle sizing aerosol monitor (DataRAM, MIE, 
Inc.).  The monitored concentrations were corrected for the relative humidity and 
divided by a calibration factor for equivalent gravimetric concentrations.  Ambient 
PM2.5 concentrations were predicted with two U.S. EPA models: the PART5 model 
used to estimate particulate emission factors and the CAL3QHC model used to predict 
air pollutant concentrations.  To predict PM2.5 concentrations, two meteorological 
stability classes were used: one determined with measured meteorological parameters 
and another determined assuming that induced mechanical turbulence was a dominant 
factor.  The monitored and the predicted PM2.5 concentrations were compared in an 








2.1 General vehicle volume distribution on freeway   
Vehicle volume is the traffic volume of vehicles traversing a link in a given 
location.  The U.S. EPA mobile source emission factor model, MOBILE6 suggests a 
general total vehicle volume distribution on the freeway by hour of day (Figure 2.1)∗.  
Higher vehicle volume fractions were observed in the morning and evening than at 
noon and night.  Everett (4) in a study conducted in Tennessee, found a similar trend for 
total vehicle volume fraction, although the morning and afternoon peaks were more 
pronounced.  He also showed a relatively consistent volume distribution for large trucks 
by hour of day for urban fringe interstates (Figure 2.2).   
 
2.2 Light scattering portable particle sizing aerosol monitor 
 An overview is included here of the principles of operation of the forward light 
scattering portable particle sizing aerosol monitor (DataRAM, MIE, Inc.) utilized in this 
study, which is based on light scattering by particles 
 
2.2.1 Principle of light scattering 
Light can be characterized as a wave, which is composed of oscillating electric 
and magnetic fields.  The oscillating light waves are distinguished by their wavelength 
                                                 
∗ All Figures and Tables are in the APPENDIX 
 3
(λ) or frequency (ν).  The length between successive oscillations of a wave is called the 
wavelength.  The period of time that it takes a wave to go through an oscillation cycle is 
called the frequency.  The relationship between the wavelength, frequency and the 
velocity of light (c) can be described as (5), 
 
lightofWavelength
lightofVelocitylightofFrequency =  
 
                                                                   
λ
ν c=                                         (2−1) 
 
Light has the properties of a wave, but by its interactions with matter, it behaves as if it 
is composed of discrete packets of energy called photons.  Photons carry energy (E) as 
defined by the Einstein-Planck relation, as follows,  
 
                                                        
λ
ν chhE ==                              (2-2)    
  
where h is Planck’s constant, 6.62 x 10-27 erg-s.  A light beam is more or less intense 
depending on whether there are more or fewer photons per unit time.  In terms of 
intensity, a short wavelength (i.e., ultraviolet) carries more energy than a longer 
wavelength (i.e., infrared).  The intensity (I) of a light beam at the distance x from the 
observer will be reduced by absorption and scattering.  The proportional intensity 
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change (dI) of the intensity, which occurs across an incremental distance (dx), is 
expressed as follows (3), 
 
                                             dI = - σext I dx                                       (2-3)   
 
where σext  is the extinction coefficient. The negative sign indicates that the intensity is 
reduced along the light path by the atmosphere.  The extinction coefficient includes 
both the effects of scattering and absorption of light by gas molecules and particles in 
the atmosphere.  The effects of absorption and scattering of light in the atmosphere can 
be written as (3), 
 
                                 σext  = σRayleigh + σabs-gas + σscat-part + σabs-part            (2-4) 
 
where σRayleigh and σabs-gas refer to the scattering and absorption of light by gas 
molecules, and σscat-part and σabs-part refer to the scattering and absorption of light by 
particles.  Integration over the path length from 0 to d gives 
 
                                                           I = Io exp (- σext d)                            (2-5) 
 
where I is the intensity at distance d, and  Io is the original intensity at x = 0.  When 
particles are present which are much smaller than the wavelength of the incident light, 
the light will be scattered with almost equal intensity in all directions.  This is called 
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Rayleigh scattering.   If the particles are much larger than the wavelength of the incident 
light, light will be diffracted mostly in the forward direction.  This phenomenon is 
called Mie scattering.  Mie scattering produces a pattern like an antenna lobe (Figure 
2.3), with a sharper and more intense forward lobe for larger particulate matter.  The 
Mie theory applies to small sized particles, in between 0.1 and   20 µm of particle 
diameter (6). 
For particles in the atmosphere, visible light with wavelength in the range of 400 
to 800 nm is used to estimate a scattering coefficient by utilizing MIE theory (7).  The 
scattering coefficient due to the light scattering by particles follows an expression 
developed by MIE (3). 
 
                                                                                 (2-6) 2, iiiipartscat rKN πσ =−
 
where N is the number of particles of radius r per unit volume, r is the particle radius, K 
is the scattering area ratio, and i denotes each particle size group.  For spheres, which do 
not absorb but scatter light, the scattering area ratio K is related to the following term 
 
                                                                      
λ
π 14 −mri                              (2-7) 
 
where m is refractive index of the particles, and λ is the wavelength of light.  The 
refractive index, m, is a real constant for spheres of non-light absorbing (dielectric) 
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materials like particles (8).  If the light attenuation is due to only particle scattering, an 
equation to estimate the particulate concentration (mass/volume) can be expressed as, 
 



































            (2-8) 
 
where ρ pi is the particulate matter density for each particulate matter size group.  If it is 
further assumed that the particulate matter is in the same size and density, then, 
 







4)(( −=C                      (2-9) 
 
For the group of particulate matter of radius between 0.1λ and 10λ, the Mie theory 
should be applied (7).  According to the various particulate matter radiuses and densities, 
light scattering sensitivities are different, which could require that the concentrations 
estimated with a light scattering instrument be calibrated by mass concentrations with a 
mass monitor.   
 
2.2.2 Light scattering aerosol monitor applications and comparisons 
While gravimetric mass concentration samplers for PM2.5 have been proven 
robust and accurate to monitor concentrations for airborne particulate matter, they have 
several disadvantages when they are compared to light scattering aerosol monitors.  The 
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most considerable disadvantage associated with the gravimetric mass concentration 
samplers is that they do not provide instantaneous real-time information.  With the 
gravimetric mass concentrations samplers, it is difficult to identify the concentration 
spikes of short sampling period of minutes to hours.  For short sampling periods, light 
scattering aerosol monitors are able to provide a rapid response to changes in mass 
concentrations. 
Unlike a gravimetric mass concentration sampler that directly measures 
particulate matter mass concentrations, a light scattering aerosol monitor (DataRAM, 
MIE, Inc.) doesn’t directly measure the particulate matter mass concentrations.  The 
mass concentrations measured with the DataRAM are explained by equation (2-9), 
which is based upon the aerosol extinction coefficient and the particle diameter (9).  
Relative concentration differences between the DataRAM and the gravimetric mass 
sampler can be attributed to variations in the particulate matter size and the associated 
scattering area ratio, K and the extinction coefficient, σscat-part if the particulate matter 
density is given as a default value.  Variation in particulate matter size (size 
distributions) may introduce considerable errors in predicting the response of the 
DataRAM.   
Concentrations measured by light scattering are also affected by relative 
humidity (RH), primarily due to the increase in the average particle size associated with 
the condensational growth of hygroscopic particulate matter components (10, 11).  The 
effect of particulate matter growth on light scattering (DataRAM, MIE, Inc) is 
suggested by modeling particle growth as follows (12), 
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                     (2-10) 
 
where D and Do are the wet and dry particle diameters, ε is the soluble fraction of the 
dry particulate matter, ρpd is the dry particle density and f is a composite function, 
defined as: 
 




Mf ων=                                         (2-11)          
 
where ν is the van’t Hoff factor, ω is the dissolved fraction of the aerosol mass, Mw is 
the molecular weight of water and Ms is the average molecular weight of the dissolved 
aerosol.  If the soluble fraction, the dry particle density and the composite function is 
constant, the particle diameter will grow much larger according to the increased relative 
humidity.  Gong, H.Jr. et al  (13) analyzed the relative humidity effect by comparing 
DataRAM concentrations to micro orifice uniform deposit impactor (MOUDI) 
concentrations.  Figure 2.4 shows the relationship between the DataRAM/MOUDI 
concentration ratio and relative humidity.  The DataRAM/MOUDI concentration ratio 
is close to 1 for relative humidity lower than approximately 50%, but the ratio increases 
exponentially at higher relative humidity.  At higher relative humidity than 50 %, the 
experimental equation (R2=0.856) of the relationship between the concentration ratio 
and relative humidity is described as: 
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                                                                                           (2-12) Xey 84.2249.0=
 
where y is the DataRAM/MOUDI concentration ratio and X is the relative humidity 
expressed in percent. 
Chung, A., Chang, D. and Kleeman (9) compared the performance of a light 
scattering aerosol monitor (Next Generation Nephelometer, OPTEC, Inc) to gravimetric 
sampler for 24-hr averaged PM2.5 concentrations at a city with ~300,000 population 
(Bakersfield, CA) from December to January in 1998 (Figure 2.5).  The PM2.5 
concentrations of the light scattering aerosol monitor and the gravimetric sampler 
correlated very well.  The Next Generation Nephelometer measurements compared 
favorably to the gravimetric sampler measurements, with a regression slope of 1.03, an 
intercept of – 6.41 µg/m3, and a correlation coefficient of 0.99.   
 
2.3 Modeling Tools 
2.3.1 EPA particulate matter emission factor model, PART5 
PART5 is a particulate matter emission factor model (14).  It calculates 
particulate matter emission factors in grams per mile (g/mi) from on-road vehicles and 
in grams per hour (g/hr) from idling diesel-fueled automobiles.  The emission factors 
include the particulate pollutant compounds of lead, sulfate, carbon particulate and total 
exhaust particulate, which includes sources from tailpipe, tire-wear and brake-wear 
emissions and re-entrained road dust.  The model calculates the emission factors for a 
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fleet-wide average estimated by vehicle miles traveled (VMT) and 12 vehicle classes: 
LDGV, LDGT1, LDGT2, HDGV, MC, LDDV, LDDT, 2BHDDV, LHDDV, MHDDV, 
HHDDV and BUSES.  To account for older vehicles on the road, the emission factors 
reported for each vehicle class are composites of emission factors for vehicles 25 years 
old through the calendar year of evaluation.  The composite emission factor for each 
vehicle class is calculated by weighting the emission factor calculated for each model 
year by the travel fraction for that year, and then summing the 25-year weighted factors.   
 









where, EFCOMPn is the composite emission factor for vehicle class n, EFψ,n is the 
emission factor for vehicle class n, model year ψ, and TFψ,n is the travel fraction for 
vehicle class n, model year ψ.     An option to calculate the idling emission factor in 
grams per hour (g/hr) for heavy-duty diesel vehicles was developed from vehicle 
manufacturers’ data.  The heavy-duty diesel vehicles include class 2B heavy-duty diesel 
vehicles (2BHDDV), light heavy-duty diesel vehicles (LHDDV), medium heavy-duty 
diesel vehicles (MHDDV), heavy heavy-duty diesel vehicles (HHDDV), and buses 
(BUS).  
McCormick, R.L. et al (15) observed a particulate matter (PM) idling emission 
factor of 1.44 grams per hour based on the average of 10 heavy duty diesel trucks 
(HDDV) whose engine power was more than 330 hp.  PM was collected on Pallflex 
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T60A20 70-mm filters from the truck tailpipes.  The filters that collected the PM were 
handled and weighed according to the description in the code of federal regulations 
(CFR) for heavy-duty engine certification.   McCormick, R.L. reported that this 
measured PM idling emission factor for HDDV was 44% less than the EPA particulate 
emission factor of 2.58 grams per hour, which was estimated using PART5 model for 
the evaluation year of 1996.   
 
2.3.2 EPA highway air pollutant concentration prediction model, CAL3QHC 
CAL3QHC, an enhanced version of CALINE3 is a Gaussian plume model and 
is designed to predict air pollutant concentrations near highways due to emissions from 
motor vehicles.  The air pollutants include inert pollutants such as carbon monoxide 
(CO) and particulate matter.  CAL3QHC divides individual highway emission links into 
a series of elements.  Each element is modeled as an equivalent finite line source 
positioned normal to the wind direction and centered at the element midpoint.  
Downwind concentrations from the element are estimated using the finite line source 
Gaussian formulation.  CAL3QHC treats the region directly over the highway as a zone 
of uniform emission and turbulence.  This is designated as the mixing zone, and is 
generally defined as the region over the traveled roadway plus three meters on either 
side.  Horizontal dispersion coefficients reported by Turner (16) are used in CAL3QHC.  
Unlike the industrial source complex, short-term model (ISCST3, 17), an empirical 
dispersion power curve from Benson (18) is used for the vertical dispersion including 
thermal and mechanical effects of vehicular emissions.  The vertical dispersion power 
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curve was modified from the Pasquill vertical dispersion curve.  Benson (18) suggested 
that CALINE3 should not be used for distances greater than 10 kilometers.  That 
suggestion is also applied to CAL3QHC.  Beyond the 10 kilometers, the vertical 
dispersion power curve approximation to the Pasquill vertical dispersion curve becomes 
increasingly inaccurate.   
CAL3QHC has been suggested for use in evaluating parking lot impacts (18).  
To simulate passenger vehicle parking-lot impacts, it was recommended that one meter 
be used for the initial vertical dispersion height can be recommended to apply, but that 
the three meters on each side for mixing zone width not be applied due to the slow 
moving and idling vehicles within a parking lot impacting much less on the initial 














AEROSOL MONITORING SYSTEM, DataRAM 
 
3.1 General description 
The aerosol monitoring system (DataRAM, MIE, Inc.) used in this study was 
designed to measure the concentration of airborne particulate matter (liquid or solid), as 
well as the mean particle size, chamber air temperature and humidity (19).  The 
DataRAM is a light scattering nephelometric monitor whose light scattering sensing 
configuration has been optimized for the measurement of the fine particle fraction of 
airborne dust, smoke, fume and mists in ambient, atmospheric and indoor environments.  
Figure 3.1 is a diagram of the major components of DataRAM.  The monitor operates at 
a constant airflow rate of 2 liters per minute, which is drawn through an omni-
directional sampling inlet by an internal air pump.  Particulate matter within the airflow 
impacts on a glass fiber filter in the in-line jet-to-plate impactor head (Figure 3.2) that 
provides a 2.5 µm cut point (aerodynamic equivalent particle diameter).  The resulting 
PM2.5 then passes through a light illumination chamber and scatters light emitted from 
the light illumination source.  The wavelength emitted from the light source is 880 
nanometer.  The common scattering detector senses the light scattered by the particulate 
matter passing through the illumination beam.  Figure 3.3 is a diagram of the sensing 
configuration of the DataRAM.  In this study, a light illumination source for 660 
nanometer which was supposed to provide a particle size correction was inactivated 
according to the manufacturer’s recommendation.  Thus the monitoring system was 
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operated as a single wavelength nephelometric monitor without particle size correction.  
After the light beam traverses the sensing region, it enters its respective light trap at the 
end of the chamber where there is a corresponding reference detector that provides a 
feedback circuit ensuring that the light output of the source remains constant.        
  
3.2 Ambient humidity correction 
Fine particles (particulate matter with the diameter less than 2.5µm, PM2.5) in the 
atmosphere tend to adsorb liquid water when the relative humidity is high.  Therefore, 
the fine particles grow in size as the relative humidity increases over 50%.  Lowenthal 
(1995) assumed 53% of dry particulate matter mass as the soluble fraction (12).  
Sioutas, Kim, Chang, Terrell and Gong (2000) showed that the Lowenthal assumption 
fits very well to actual field data, with roughly 53.5% (±10.7%) of total PM2.5 mass as 
soluble compounds (12).  The liquid water in the atmosphere resulting in growth of fine 
particles makes results in an over-estimation of the mass concentration of the original 
particulate matter.  Over-estimation of the mass concentration is especially significant 
when relative humidity exceeds 50%.  Figure 3.4 shows the relation between the 
relative humidity and the scattering signal factor used in the DataRAM.  The DataRAM 
can be operated with or without an automatic correction for the effect of relative 
humidity based on the curve in Figure 3.4.   To avoid over-estimation at extremely high 
relative humidity conditions, an in-line sample stream heater (model DR-TCH) can be 
applied within the inlet line of the DataRAM (Figure 3.1).  In this case, the inlet 
sampling line is heated to approximately 30°C, which reduces the humidity, thus 
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reducing the effect of relative humidity on the mass measurement.  It is unclear, 
however, as to whether the lower humidity eliminates the effect of relative humidity or 
just reduces the effect, as a relative humidity equilibrium between the particle and the 
























This chapter reviews the methodology for measuring the vehicle volumes of the 
interstate and the interchange and idling vehicles in the travel centers, monitoring PM2.5 
concentrations, estimating emission factors with the particulate matter emission factor 
model (PART5), predicting PM2.5 concentrations with the highway air pollutant 
concentrations prediction model (CAL3QHC) and analyzing the monitored and 
predicted concentrations.  
 
4.2 Measuring vehicle volumes by hour of day 
 
4.2.1 Vehicle volume measurement within the corridors of the interstate and the 
interchange 
Vehicle volumes (vehicles/15minutes) for each of 6 vehicle types (LDGV, 
LDGT, HDGV, HHDDV, BUS and MC) were measured within the corridors of I-40 
east bound, I-40 east exit ramp, I-40 east entrance ramp and Watt Road south bound for 
15 minutes of the hour on Wednesdays for typical weekday vehicle volumes.  Measured 
traffic volumes for 15 minutes on each road were multiplied by a factor of 4 to convert 
the volumes to 1-hour traffic volumes.  To determine the total vehicle volumes on each 
road by hour of day, several assumptions were made: 
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1) Traffic volume measured for a 15 minute period is representative of each 
hour, when multiplied by a factor of 4 
2) Traffic volume for the I-40 east bound is the same as for the I-40 west bound 
3) Traffic volume for the I-40 east exit ramp is the same as for the I-40 west 
exit ramp  
4) Traffic volume for the I-40 east entrance ramp is the same as for the I-40 
west entrance ramp  
5) Traffic volume for the Watt Road south bound is the same as for the Watt 
Road north bound  
 
Figure 4.1 shows the Watt Road interchange associated with the three travel centers.  
The vehicle volumes on I-40 and Watt Road outside of the interchange boundary were 
estimated based upon the measured vehicle volumes within the interchange boundary.  
Total vehicle volume on I-40 (referred to as A = AE + AW, where E and W are East and 
West) outside of the interchange boundary is determined by summing the total number 
of vehicles on I-40 inside of the interchange boundary (referred to as B = BE + BW), the 
vehicle volumes on the I-40 east exit ramp (CE) and the I-40 east entrance ramp (DE), as 
follows: 
 
                                                    AE = BE + CE 
                                                   AW = BW + DW 
                                                   A   = BE + BW + CE + DW 
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                                                        = B + CE + DW      
                                                        = B + CE + DE                                    (4-1) 
 
where, CE is equal to CW from the assumption 3 and DE is equal to DW from the 
assumption 4.  Total vehicle volumes on Watt Road outside of the interchange boundary 
(referred to as F) can be estimated from the vehicle volumes on Watt Road inside of the 
interchange boundary (E), the number of vehicles on an I-40 east exit ramp (CE) and an 
I-40 east entrance ramp (DE). 
 
                                   FNi = ENi + DEi – xiCEi – yiESi 
                                   FSi = (1-yi)ESi + (1-xi)CEi 
                                   Fi  = ENi + DEi – xiCEi – yiESi + (1-yi)ESi + (1-xi)CEi 
                                         = ENi + DEi  + (1-2yi)ESi + (1-2xi)CEi                (4-2) 
 
where, ENi is equal to ESi from the assumption 5, i is each vehicle type, xi is the vehicle 
fraction heading from CE to EN and yi is the vehicle fraction heading from ES to DE.  The 
total vehicle volumes on Watt Road outside of the interchange boundary (F) can be 
estimated from the equation (4-2) as follows: 
 
















For xi, the applied general values estimated from the number of vehicles counted at 7 
A.M. are 0.5 for LDGV, LDGT, BUS and MC, and 0.36 for HDGV and HHDDV.  For 
yi, the applied general values estimated from the number of vehicles counted at 7 A.M. 
are 0.22 for LDGV, 0.17 for LDGT, 0.08 for HDGV, 0.1 for HHDDV and 1 for BUS 
and MC.  For hours where vehicle volumes were not measured, interpolation was used 
to estimate the missing values for vehicle volume.   
 
4.2.2 Idling HHDDV volume measurement at travel centers 
Using hand counters, the numbers of idling and non-idling HHDDV were 
measured at the travel centers (PETRO, TA and FLYING J) for dawn (4:30), morning 
(7:10), mid-morning (10:20), noon (13:40), mid-afternoon (15:20), evening (19:10) and 
night (22:30).  The numbers of idling and non-idling HHDDV counted were considered 
as representative of the entire hour.  HHDDV that were moving within the travel centers 
(i.e., parking and traveling) were also counted as idling vehicles.  For hours where the 
idling and non-idling HHDDV were not measured, interpolation was used to estimate 
the missing idling and non-idling HHDDV based upon the measured vehicles.   
 
4.3 Calibration of the monitored PM2.5 concentrations by RP-TEOM 
PM2.5 concentrations were monitored with the aerosol monitoring system 
(DataRAM, MIE, Inc.) and calibrated by correlating the values of DataRAM with 
values obtained from a tapered element oscillation microbalance (TEOM, Rupprecht & 
Patashnick, Co.).  Initially, the response of the DataRAM was calibrated at the 
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manufacturer’s factory with SAE fine test dust with mass mean diameter (MMD) of 2 to 
3 µm and a standard deviation (σg) of 2.5.  Since the calibration is sensitive to the mean 
diameter and the type of aerosols, it was decided that the DataRAM should be 
calibrated against a real-time monitor that was sampling an urban ambient aerosol.  The 
only ambient real-time PM2.5 concentration monitor in the Knoxville area was a RP-
TEOM (Rupprecht & Patashnick, Co.) operated by the Knox County Department of Air 
Quality Management at its downtown, urban site, located near the intersection of I-275 
and Baxter Avenue.  The DataRAM and RP-TEOM were co-located for six week days 
(Figure 4.2).  Before and after running the DataRAM, it was zeroed with a glass fiber 
filter with efficiency 99.99% for particulate matter.  The DataRAM and RP-TEOM 
sampling inlet lines were heated and maintained at temperatures of 30oC and 50oC, 
respectively.  Ten minute average PM2.5 concentrations were obtained from both 
instruments, and were analyzed with correlation and linear regression methods.     
 
4.4 Monitoring PM2.5 concentrations  
4.4.1 Instantaneous PM2.5 concentrations within the corridors 
Instantaneous PM2.5 concentrations were monitored within the corridors of the 
local highway (US-381), interstate (I-40/I-75), Watt Road interchange and travel centers 
(PETRO, TA and FLYING J).  The DataRAM, which was equipped with the omni-
directional sampling inlet and PM2.5 impactor (separator), was mounted in the bed of a 
pick-up truck (Figure 4.3) that was driven on the roads at the same speed as vehicles 
running on the roads (floating car method).  The truck was driven through the travel 
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centers at less than 5 miles per hour.  The monitored PM2.5 concentrations were 
corrected for relative humidity (RH) using the correction shown in Figure 3.4 and 
divided by the calibration factor estimated in Chapter 4.3.  A time-synchronized global 
position system (GPS) manufactured by GARMIN that provides UTM coordinates 
Easting and Northing was used alongside the PM2.5 monitor to determine the location of 
the PM2.5 concentrations at all times during travel. 
 
4.4.2 Ten minute average PM2.5 concentrations and atmospheric parameters  
PM2.5 concentrations were monitored for 10-minute intervals upwind and 
downwind of the PETRO travel center to determine the emission contribution from the 
travel center.  For PM2.5 concentrations contributed by idling HHDDV in the travel 
center, the upwind concentrations were subtracted from the downwind concentrations to 
determine the concentrations created by the travel center.  Based on the wind direction, 
sampling sites were changed for the upwind and the downwind concentrations of the 
travel center.  The sampling inlet of DataRAM equipped with the omni-directional 
sampling inlet, PM2.5 impactor (separator) and temperature conditioning heater was 
placed 1.5 meters above the ground.  While PM2.5 concentrations were monitored, the 
meteorological parameters of wind speed and wind direction were monitored for 10 
minutes with a portable mini Thermo-Anemometer (EXTECH Instruments).    
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4.5 Modeling of PM2.5 concentrations  
4.5.1 Estimating HHDDV idling emission factors for PM2.5  
A HHDDV idling emission factor (in grams per vehicle-hour) for less than 2.5 
µm aerodynamic diameter was estimated with the PART5 model.  For the HHDDV 
idling emission factor, 2002 was used as the calendar year of evaluation.  The HHDDV 
idling emission factor estimated with PART5 model was modified to fit CAL3QHC 
input requirement of emission factor (in grams per mile).  The PART5 emission factor 
(in grams per vehicle-hour) was multiplied by the total number of idling HHDDV (in 
vehicles) and divided by total emission link length (in miles).   
 
4.5.2 Predicting PM2.5 concentrations with CAL3QHC model 
CAL3QHC predicts PM2.5 concentrations based on the emission source parameters and 
meteorological parameters.  Link coordinates for starting and ending points, link widths, 
vehicle volumes on links, emission factors (estimated in Chapter 4.5.1) for links, 
emission height and emission types were input as emission source parameters.  Wind 
direction, wind speed, stability class and mixing height were input as the meteorological 
parameters.  Travel center emission sources were treated as line sources by using 
parking-lot treatment assumptions that each link width was 10 meters with the emission 
source of 4 meters above the ground due to the HHDDV exhaust positioned about 4 
meters above the ground.  For the emission of 4 meters above the ground, the bridge 




RESULTS AND DISCUSSION 
 
This chapter summarizes the results of monitored vehicle volumes, monitored 
and predicted PM2.5 concentrations and the comparison of the monitored and the 
predicted PM2.5 concentrations.   
 
5.1 Vehicle volume distribution  
Three Wednesdays (10/17, 10/24 and 11/07/01) as typical weekdays were 
selected to measure vehicle volumes within the corridors of I-40/Watt Road interchange 
for the six vehicle types (LDGV, LDGT, HDGV, HHDDV, BUS and MC) and to 
measure idling HHDDV volumes in travel centers providing services with snack bar, 
restaurant, laundry and entertainment center. 
 
5.1.1 Vehicle volume distribution in I-40/Watt Road interchange 
Figure 5.1 shows total and HHDDV vehicle volumes for 15 minutes out of each 
hour on I-40.  During the daytime, the measured total vehicle volumes were 
approximately three times heavier than during the night.  Unlike the total vehicle 
volume, HHDDV vehicle volume was rather consistent throughout the 24-hour period.  
Based on the five assumptions in Chapter 4.2.1, measured vehicle volumes for each 
hour were determined.  The measured vehicle volumes (i.e., East bound for I-40 and 
South bound for Watt Road) were multiplied by two to obtain East and West bounds for 
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I-40 (as shown in Figure 5.1) and South and North bounds for Watt Road, and then 
multiplied by four to convert from a 15-minute to 1-hour count.  Table 5.1 shows the 
adjusted vehicle volumes multiplied by two for both bounds and four for 1-hour.  Figure 
5.2 shows adjusted vehicle volume fractions by hour of day.  The total vehicle volume 
fraction increases sharply after 5 A.M. and decreases smoothly after 5 P.M.  HHDDV 
volume is heavier between 9 A.M and 10 P.M., but deviates less.  Based on the adjusted 
vehicle volume, a daily total vehicle volume on I-40 interstate was 82,780, which was 
96.5% of the 85,810, average daily traffic volume (ADTV) reported in 2000 (20).  
Figure 5.3 shows the daily vehicle volume fractions for each vehicle type on I-40.  The 
vehicle volume fractions for LDGV, LDGT, HDGV, HHDDV, BUS and MC were 
37.43, 31.94, 2.6, 27.24, 0.68 and 0.11%.  LDGV, LDGT and HHDDV were the major 
vehicle types running on I-40 interstate around the Watt Road interchange.    
On Watt Road, inside of the Watt Road interchange boundary, crossing over I-
40 interstate, heavier total vehicle volumes for 15-minutes of each hour were observed 
during the daytime, especially around 7 A.M. in the morning and 4 P.M. to 6 P.M. in 
the afternoon (Figure 5.4).  Like the total vehicle volumes, HHDDV volumes were 
heavier during the daytime, especially 10 A.M. in the morning, 2 P.M. and 4 P.M. in the 
afternoon.  Figure 5.5 shows the adjusted vehicle volume distribution by the hour of 
day.  Total vehicle volume distribution on the Watt Road shows two high peaks that 
were at 7 A.M. in the morning and 5 P.M in the evening.  A sharp increase in the total 
vehicle volume was observed after 5 A.M. in the morning and 2 P.M. in the afternoon, 
and a rather smooth decrease was observed after 5 P.M. in the evening.  Figure 5.6 
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shows daily total vehicle volume fractions for each vehicle type on Watt Road.  The 
vehicle volume fractions for LDGV, LDGT, HDGV, HHDDV, BUS and MC were 
26.34, 32.4, 1.96, 38.25, 0.81 and 0.24%.   LDGV, LDGT and HHDDV were the 
primary vehicles running on Watt Road.  On Watt Road, HHDDV had the highest 
vehicle volume above all other vehicle types, while LDGV had the highest vehicle 
volume percentages on I-40. 
 
5.1.2 Idling HHDDV volumes by hour at travel centers 
Figure 5.7 shows measured idling HHDDV volumes and non-idling HHDDV 
volumes at three travel centers (PETRO, TA and Flying J). The number of idling 
HHDDV were determined by listening to the engine running during the daytime, but by 
listening to the engine running and by counting HHDDV with parking-lights on during 
the night.  Moving HHDDV in the travel center were also measured and added to the 
idling HHDDV.  HHDDV without running engines or lightening parking-lights were 
measured as non-idling HHDDV.  An average of 46.2% of HHDDV in the travel 
centers were idling during the night (4:30, 19:10 and 22:30), but an average of 40.7% 
were idling during the daytime (7:10, 10:20, 13:40 and 15:20).  The overall daily 
average idling percentage of HHDDV was 43.7 % in the travel centers.  Table 5.2 
shows the adjusted HHDDV volumes by the hour of day.   
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5.2 Calibration of the DataRAM concentrations by RP-TEOM 
The DataRAM was co-located at the KNOX county monitoring site of the 
Department of Air Quality Management (Knoxville, TN), and 10-minute average urban 
PM2.5 concentrations were monitored from May 20 to June 2, 2002.  The monitored 
PM2.5 concentrations by the DataRAM were compared and correlated to the 10-minute 
average PM2.5 concentrations obtained by the RP-TEOM concentrations.  For 10 
minutes before and after monitoring, a zero-test was conducted for the DataRAM with a 
glass fiber filter at the inlet line of the DataRAM.  The zero-test for the RP-TEOM was 
conducted by the Department of Air Quality Management (Knoxville, TN).  Ten minute 
zero concentrations were monitored for both the DataRAM and the RP-TEOM.  Figure 
5.8 shows the DataRAM with a glass fiber filter at the inlet line for the zero-test.  Figure 
5.9 shows the compared trends of the DataRAM and the RP-TEOM measured 10-
minute average ambient concentrations.  Although the DataRAM concentration trend 
was similar to the RP-TEOM, the DataRAM consistently showed lower PM2.5 
concentrations than the RP-TEOM. The monitored concentrations were analyzed with a 
linear regression statistical method.  The slope of the DataRAM versus the RP-TEOM 
PM2.5 concentrations was 0.7143 with a R-square of 0.7189 (Figure 5.10).  The 
monitored DataRAM concentrations were divided by the slope to calibrate them to 
equivalent gravimetric concentrations based on the RP-TEOM.  
From the monitored 10-minute average concentrations, 30-minute and 1-hour 
average PM2.5 concentrations were generated and also analyzed with a linear regression 
statistical method.  The slopes of the DataRAM versus the RP-TEOM concentrations 
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for 30 minutes and 1 hour were 0.7269 with a R-square of 0.7932 and 0.7238 with a R-
square of 0.8404.  The values of the slopes for 30 minutes and 1 hour were very close to 
the value of the slope for 10 minutes, but the R-square values increased as the sampling 
time period was increased.  To monitor corresponding gravimetric PM2.5 concentrations 
and to improve the accuracy, the DataRAM sampling time period should be increased.      
 
5.3 Monitored real-time instantaneous PM2.5 concentrations 
Instantaneous PM2.5 concentrations were monitored within the corridors of US-
381, I-40/I-75 interstate, the Watt Road, and the travel centers in a clear morning (5:40 
A.M. to 6:30 A.M. on June 7, 2002) with the wind blowing from the North North East 
(NNE).  Figure 5.11 shows real-time instantaneous PM2.5 concentrations within the 
corridors of US-381, I-40/I-75 interstate, the Watt Road and at the travel centers.  
Figure 5.12 shows real-time instantaneous PM2.5 concentrations within the corridors of 
Watt Road and at the travel centers.  The monitored PM2.5 concentrations were 
corrected for relative humidity using the scattering enhancement factor shown in Figure 
3.4 and were divided by the calibration factor of 0.7143.  A monitored average PM2.5 
concentration upwind of the emission sources was 2.2 µg/m3 and was considered as a 
background concentration.  On the local highway, US-381, the average PM2.5 
concentration was 2.5 µg/m3.  Thus, the local highway was contributing only 0.3 µg/m3 
(2.5 minus 2.2µg/m3).  On the I-40/I-75 interstate, the average instantaneous PM2.5 
concentration was 4.8 µg/m3 (2.6 µg/m3 above the background concentration).  Much 
higher concentrations were monitored inside of the Watt Road interchange boundary 
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and the travel centers.  While high instantaneous concentrations within a range of 15 to 
30 µg/m3 were observed, average concentrations of 9.0 and 11.1 µg/m3 were monitored 
on the Watt Road interchange and in travel centers, respectively.  Thus, approximately 
6.8 and 8.9 µg/m3 (above the background concentration) were contributed to the 
atmosphere from the Watt Road interchange and travel centers.  From Chapter 5.1 and 
5.2 that show heavier vehicle volumes of HHDDV in the Watt Road interchange and 
travel centers, it is suspected that the high concentrations are mainly contributed by 
HHDDV activities. 
 
5.4 Monitored PM2.5 concentrations from the PETRO travel center 
 The period of May 24 to June 7, 2002 was chosen to monitor 10-minute average 
PM2.5 concentrations upwind and downwind of the PETRO travel center.  Four different 
conditions were studied: stable and unstable atmospheric conditions during dry 
meteorological periods, and stable and unstable atmospheric conditions immediately 
after a heavy rain.  While monitoring the concentrations, meteorological parameters 
(wind speeds and directions) were measured upwind and downwind of the travel center. 
Ambient temperature and ambient relative humidity measured at the McGhee Tyson 
Airport (TYS) weather station (Knoxville, TN) were used for this study.  Monitored 
PM2.5 concentrations were corrected for relative humidity using the scattering 
enhancement factor shown in Figure 3.4 and divided by the calibration factor of 0.7143 
to obtain equivalent gravimetric concentrations.  During the monitoring period, the 
number of idling HHDDV and the number of non-idling HHDDV were measured at the 
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PETRO travel center and found to be similar to the values reported in Chapter 5.1.2 
(Table 5.2).  Thus the adjusted values reported in Chapter 5.1(Table 5.2) were applied 
for emission links in the PETRO travel center. Based on the measured meteorological 
parameters, atmospheric stability classes were determined (Table 5.3 and Table 5.4).  
Upwind concentrations were subtracted from downwind concentrations to determine the 
travel center contribution.  
        
5.4.1 Stable atmospheric conditions during a dry meteorological period  
 Five normal weekday mornings that were from 5 A.M. to 7 A.M. (May 24 to 31, 
2002) were chosen to monitor 10-minute average PM2.5 concentrations under stable 
atmospheric conditions upwind and downwind of the PETRO travel center.  Figure 5.13 
shows the upwind and downwind monitoring sites at the travel center.   Table 5.5 shows 
monitored concentrations and meteorological parameters.  Thirteen PM2.5 concentration 
data sets were obtained at the PETRO travel center, and the concentration differences 
between upwind and downwind concentrations were determined.  The overall average 
PM2.5 concentration contributed by the travel center was 8.76 µg/m3.  The monitored 
contribution of the travel center ranged from 5.4 to 16.08 µg/m3 compared to a range of 
24.05 to 50.36 µg/m3 for the downwind concentrations with an average concentration of 
35.89 µg/m3.  On the average, the travel center contributed 24 % (8.76 divided by 
35.89) of the ambient PM2.5 concentrations. 
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5.4.2 Unstable atmospheric conditions during a dry meteorological period 
 A strong sunny weekday afternoon (12 P.M. to 17 P.M. June 5, 2002) was 
chosen to monitor 10-minute average PM2.5 concentrations under unstable atmospheric 
conditions upwind and downwind of the PETRO travel center.  Figure 5.14 shows the 
upwind and downwind monitoring sites at the travel center.  Four emission links non-
occupied by HHDDV in the travel center were eliminated due to a parking-lot 
construction.  The construction was for installing in-cab service modules on the racks 
over the pre-built poles.  The downwind monitoring site may not a good place to 
measure the downwind concentrations (winds blown from 240°), but it was the best 
accessible place due to the construction.   Table 5.6 shows monitored concentrations 
and meteorological parameters.  Monitored average PM2.5 concentration contributed to 
the ambient from the travel center was 6.84 µg/m3.  The concentrations from the travel 
center showed a wide range of values from 1.78 to 16.51 µg/m3 compared to a range of 
26.23 to 51.03 µg/m3 for the downwind concentrations with an average concentration of 
37.9 µg/m3.  On the average, the travel center contributed 18 % (6.84 divided by 37.9) 
of the downwind ambient PM2.5 concentration of 37.9 µg/m3.   
 
5.4.3 Stable atmospheric conditions immediately after a heavy rain 
A clear weekday morning (6 A.M. to 7 A.M. June 7,2002 ) after a heavy rain 
was chosen to monitor PM2.5 concentrations contributed from the activities in the travel 
center in an effort to see if the concentrations would remain similar to the stable, but dry 
atmospheric conditions.  Figure 5.15 shows upwind and downwind monitoring sites at 
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the travel center.   Table 5.7 shows monitored and predicted concentrations and 
meteorological parameters.  It was anticipated that as a result of the heavy rainfall, 
particulate matter in the atmosphere and gray-black road dust on the ground in and 
around the travel center would be washed away, and thus, the study area would become 
much cleaner. The contribution immediately after a rainfall from the travel center was 
3.08 µg/m3.  The monitored downwind average concentration, 11.34 µg/m3 was very 
low compared to the average concentration, 35.89 µg/m3 before the rain.  This suggests 
that the ambient contribution was significantly reduced following the heavy rain.  On 
the average, the travel center contributed 27 % (3.08 divided by 11.34) of the ambient 
PM2.5 concentration. While this datum is too small to draw a definite conclusion, it 
suggests that some part of the contribution of 8.76 µg/m3 during the dry meteorological 
period may have been a result of re-entrained particulate matter in and around the travel 
center activities due to parking and traveling, or wind speeds, or both.  
 
5.4.4 Unstable atmospheric conditions immediately after a heavy rain 
A clear normal weekday afternoon (16 P.M. to 18 P.M. June 6, 2002) after a 
heavy rain was chosen to monitor PM2.5 concentrations contributed from the activities in 
the travel center in an effort to see if the concentrations would remain similar to the 
stable, but dry atmospheric conditions.  Figure 5.16 shows the upwind and downwind 
monitoring sites at the travel center.  Two emission links non-occupied by HHDDV in 
the PETRO travel center were eliminated since the two emission links were occupied by 
construction equipment.  However, there was no construction activity during the 
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monitoring.  Under unstable atmospheric conditions, monitored PM2.5 concentrations 
after the heavy rain were significantly reduced at the upwind and the downwind 
monitoring sites compared to the monitored concentrations before the rain.  The 
contribution immediately after a rainfall from the travel center was 3.41 µg/m3 and 
ranged from 0.96 to 5.57 µg/m3.  The average downwind concentration was 12.66 
µg/m3 and ranged from 9.44 to 16.54 µg/m3.  On the average, the travel center 
contributed 27 % (3.41 divided by 12.66) of the ambient PM2.5 concentrations.  Table 
5.8 shows monitored concentrations and meteorological parameters.  Under unstable 
atmospheric conditions, the contribution immediately after a rainfall when compared to 
the dry period suggests that some part of the contribution, 6.84 µg/m3 measured during 
the dry period may have been a result of re-entrained particulate matter in and around 
the travel center activities due to parking and traveling, or high wind speeds, or both.  In 
fact, gray-black road dust moving around at the travel center by winds and HHDDV 
activities was observed while monitoring. 
 
5.5 Comparison of the monitored to the predicted PM2.5 concentrations from the 
PETRO travel center 
 PM2.5 concentrations were predicted with the CAL3QHC model based on 
monitored idling HHDDV volumes by hour and measured meteorological parameters 
for the four conditions discussed in the Chapter 5.4.  Wind speeds and directions were 
measured at the monitoring site while PM2.5 concentrations were monitored.  Ambient 
temperature and ambient relative humidity measured at the McGhee Tyson Airport 
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(TYS) weather station (Knoxville, TN) were used for this study.  Calculated emission 
factors for each hour were used in the CAL3QHC model and are shown in Table 5.9.  
These are the emission factors based on the HHDDV idling emission factor (in grams 
per vehicle-hour with the PART5 model) multiplied by HHDDV idling volume (in 
number of vehicles) and divided by emission source link length (in miles) at the travel 
center.  CAL3QHC inputs and outputs for each modeling case are included in Appendix 
D.  A mixing height of 100 meters and a surface roughness length of 100 centimeters 
for urban land-use were used for the CAL3QHC input parameters.  The CAL3QHC 
model was also run with the surface roughness length of 20 centimeters to see how 
much the predicted concentrations were affected with the roughness length in micro-
scale modeling, but the surface roughness length effect was insignificant.  Emission 
source height change (from 4 to 8 meters above the ground) also caused insignificant 
changes in the predicted concentrations.   
 
5.5.1 Stable atmospheric conditions  
 Under stable atmospheric conditions during a multi-day dry meteorological 
period without rain and immediately after a heavy rain, PM2.5 concentrations were 
predicted using the CAL3QHC model with atmospheric stability class of 6 (known as 
F-stability) determined based on the monitored meteorological parameters.  Predicted 
average PM2.5 concentration during the dry meteorological period for the 13 data sets 
was 37.3 µg/m3 with a range of 16.1 to 68.2 µg/m3 (Table 5.5).  The average ratio of the 
predicted to the monitored concentration was 4.44 with a range of 2.14 to 6.46.  The 
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predicted concentration immediately after a heavy rain was 17.3 µg/m3 (Table 5.7).  The 
ratio of the predicted to the monitored concentrations was 5.62.  The CAL3QHC over-
predicted 4.44 to 5.62 times compared to the DataRAM monitored concentrations under 
stable atmospheric conditions.   
The unexpectedly higher predicted concentrations suggested that the 
atmospheric stability class of 6 (known as F-stability) may need to be reviewed.  In the 
travel center, HHDDV activities included not only idling activity without moving, but 
also moving activity for parking and traveling.  While idling, HHDDV were emitting 
hot, high velocity exhaust plumes from their exhaust pipes (typically at the top of the 
cabs and horizontal to the ground).  The hot, high velocity exhaust may exhibit 
enhanced thermal buoyancy and horizontal momentum.  The exhaust plume may also 
be influenced by downwash effects around the HHDDV due to the wind, which is 
enhanced in and around the HHDDV.  Idling HHDDV and adjacent HHDDV (idling or 
non-idling) could create additional mixing and downwashing.   Moving and stationary 
HHDDV in the travel center may cause plume turbulence due to vehicle wake and 
cavity effects.  These various effects could cause an induced mechanical turbulence 
over the entire travel center.  PM2.5 concentrations monitored in the micro-scale of the 
travel center (downwind 10 to 20 meters from the emission source) may be more 
affected by the induced mechanical turbulence around HHDDV than by macro-scale 
atmospheric stabilities.  To determine this potential effect (mechanical turbulence), the 
CAL3QHC model was re-run with the stability class of 1 (known as A-stability) 
essentially assuming a mechanically turbulent plum over the travel center to simulate a 
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highly turbulent dispersion conditions.  The predicted average PM2.5 concentration 
during the dry meteorological period was 12.1 µg/m3 with a range of 6.75 to 17 µg/m3 
(Table 5.10).  The average ratio of the predicted to the monitored concentration was 
1.47 with a range of 0.87 to 2.35.  The predicted concentration immediately after a 
heavy rain was 3.38 µg/m3 (Table 5.12).  The ratio of the predicted to the monitored 
concentrations was 1.1.  The results obtained with the stability class of 1 strongly 
support the idea of a mechanically turbulent plume over the travel center.  The results 
also suggests that the A-stability class based on an induced mechanical turbulence 
simulates better than the atmospheric stability class determined by monitored 
meteorological parameters, and is more representative for predicting the concentrations 
at least within the micro-scale of the travel center.                     
      
5.5.2 Unstable atmospheric conditions  
Under unstable atmospheric conditions during dry meteorological period and 
immediately after a heavy rain, PM2.5 concentrations were predicted using the 
CAL3QHC model with atmospheric stability class of 2 and 4 (known as B- and D-
stability) determined based on the monitored meteorological parameters.  The predicted 
average PM2.5 concentration during the dry meteorological period was 2.09 µg/m3 with 
a range of 1.75 to 2.77 µg/m3 (Table 5.6).  The average ratio of the predicted to the 
monitored concentration was 0.5 with a range of 0.24 to 1.56.  The predicted average 
concentration immediately after a heavy rain was 4.56 µg/m3 with a range 3.8 to 5.82 
µg/m3 (Table 5.8).  The average ratio of the predicted to the monitored concentrations 
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was 2.11.  It appears that the CAL3QHC under-predicts during dry atmospheric period, 
but over-predicts immediately after a heavy rain.   
The various effects by HHDDV activities at the travel center discussed in 
Chapter 5.5.1 would also dominate under unstable atmospheric conditions.  The 
CAL3QHC model was re-run with a stability class of 1 (known as A-stability) to 
simulate a mechanically turbulent plum over the travel center.  The predicted average 
PM2.5 concentration during the dry meteorological period was 1.56 µg/m3 with a range 
of 1.34 to 2.12 µg/m3 (Table 5.11).  The average ratio of the predicted to the monitored 
concentration was 0.37 with a range of 0.09 to 1.19.  The predicted average 
concentration immediately after a heavy rain was 3.65 µg/m3 with the average ratio of 
the predicted to the monitored was 1.53 (Table 5.13).  The big difference between the 
predicted and the monitored concentrations during the dry period may be due to certain 
unidentified emission sources.  One of the unidentified emission sources is gray-black 
road dust that may be generated by HHDDV activities while parking and traveling in 
the travel center.  In fact, dusty areas were observed with visible layers of gray-black 
dust on the pavement of the parking area of the travel center.  The gray-black dust was 
moving around by winds and moving HHDDV in the travel center while PM2.5 
concentrations were monitored.  The gray-black dust may be re-entrained by high wind 
speeds and parking and traveling HHDDV in and around the travel center.  The results 
obtained after a heavy rain suggest that the monitored PM2.5 concentrations in short 
distances from the emission sources in the micro-scale of the travel center are dispersed 
by an induced mechanical turbulence.  The results from the dry meteorological period 
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suggest that the monitored PM2.5 concentrations may also have been influenced by re-
entrainment of gray-black road dust associated with the HHDDV activities or high wind 






















CONCLUSIONS AND RECOMMENDATIONS 
 
 The purpose of this study was to measure vehicle volumes, and monitor and 
predict ambient air quality associated with fine particulate matter (PM2.5) in a study area 
including I-40, Watt Road and travel centers with about 700 overnight parking spaces 
for heavy heavy-duty diesel vehicles.  Vehicle volumes and activities in the study area 
were measured and PM2.5 concentrations were monitored within the corridors of I-40/I-
75 and Watt Road, and upwind and downwind of the PETRO travel center with a light 
scattering aerosol monitor (DataRAM).  PM2.5 concentrations were predicted with a 
highway pollutant prediction model (CAL3QHC) for the comparison to the monitored 
concentrations.   
 Measured daily average vehicle fractions on I-40 on the selected three 
Wednesdays, as normal weekdays, were 37.43, 31.94, 2.6, 27.24, 0.68 and 0.11 % for 
LDGV, LDGT, HDGV, HHDDV, BUS and MC.  Total vehicle volumes on I-40 widely 
deviated by hour of day. The total vehicle volumes were about three times heavier 
during the daytime than the night.  However, HHDDV volumes on I-40 were less 
variable and more consistent by hour of day.  Measured daily average vehicle fractions 
on Watt Road were 26.34, 32.4, 1.96, 38.25, 0.81 and 0.24 % for the each vehicle type 
(LDGV, LDGT, HDGV, HHDDV, BUS and MC).  HHDDV must use Watt Road to get 
into and out of the travel centers, so a much higher percentage of HHDDV was 
measured on Watt Road.  Hourly vehicle volumes on Watt Road followed a similar 
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pattern with I-40.  In the travel centers (PETRO, Flying J and TA), 46.2 % of HHDDV 
were idling during the night while 40.7 % of them were idling during the daytime.           
Monitoring of PM2.5 concentrations within the corridors and in the travel centers 
was accomplished using a light scattering aerosol monitor (DataRAM).  A critical 
advantage of the use of the light scattering instrument was its ability to monitor real-
time instantaneous ambient particle concentrations.  The concentrations monitored and 
reported by the light scattering instrument were calibrated against gravimetric 
concentrations by RP-TEOM to develop a calibration factor.  The calibration factor for 
the DataRAM concentrations was 0.7143 with an R-square of 0.7189.  The calibration 
factor was generated from the concentrations of DataRAM correlated to the 
concentrations of an RP-TEOM that is well acknowledged to read appropriate 
gravimetric concentrations by researchers (9). 
Real-time PM2.5 concentrations were monitored within the corridors of a local 
highway (US-381), I-40/I-75, Watt Road and travel centers in a clear morning.  PM2.5 
concentrations contributed from US-381 to the atmosphere was very small, 0.3 µg/m3.  
However, 2.6, 6.8 and 8.9 µg/m3 were contributed from I-40/I-75, the Watt Road and 
the travel centers, respectively.   
To measure the ambient contributions from idling HHDDV, four different 
conditions were studied: stable and unstable atmospheric conditions during a dry 
meteorological period, and stable and unstable atmospheric conditions immediately 
after a heavy rain.  Ten minute average concentrations were monitored upwind 
downwind of the PETRO travel center.  PM2.5 concentration differences between 
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upwind and downwind were considered primarily contributed by the HHDDV activities 
(i.e., idling, parking and traveling) within the travel center. The monitored 
concentrations from the travel center were compared to the predicted concentrations 
using the CAL3QHC model.  According to the four conditions, the results follow: 
• Under stable atmospheric conditions during a dry atmospheric period (5 
A.M. to 7 A.M.), the monitored average PM2.5 concentration 
contributed by the PETRO travel center was 8.76 µg/m3 which is 24% 
of the ambient contribution based on the travel center average 
downwind concentration of 35.89 µg/m3.   
• Under unstable atmospheric conditions during a dry atmospheric period 
(12 P.M. to 17 P.M.), the monitored average PM2.5 concentration was 
6.84 µg/m3, which is 18 % of the ambient contribution based on the 
travel center average downwind concentration of 37.9 µg/m3.   
• Under stable atmospheric conditions immediately after a heavy rain (6 
A.M to 7 A.M.), the monitored average PM2.5 concentration contributed 
by the PETRO travel center was 3.08 µg/m3 which is 27% of the 
ambient contribution based on the travel center average downwind 
concentration of 11.34 µg/m3.  The ambient contribution from the travel 
center was lower following a heavy rain.  This result suggests that some 
part of the 8.76 µg/m3 during a dry meteorological period may have 
been a result of re-entrained particulate matter by the HHDDV 
activities due to parking and traveling in and around the travel center 
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• Under unstable atmospheric conditions immediately after a heavy rain 
(16 P.M. to 18 P.M.), the monitored average PM2.5 concentration 
contributed by the PETRO travel center was 3.41 µg/m3 which is 27% 
of the ambient contribution based on the average travel center average 
downwind concentration of 12.7 µg/m3.  The ambient contribution from 
the travel center was lower following a heavy rain.  This result suggests 
that some part of the 6.84 µg/m3 during dry meteorological period may 
have been a result of re-entrained particulate matter by the travel center 
activities due to parking and traveling, or higher wind speeds, or both.   
From the four conditions, 18 to 27 % of the downwind concentrations were contributed 
from the travel center, and some part of downwind concentrations may have been a re-
entrainment in and around the travel center activities or higher wind speeds, or both. 
 The predicted PM2.5 concentrations using the CAL3QHC model were compared 
to the monitored concentrations.   
• Under stable atmospheric conditions during a dry meteorological period 
and immediately after a heavy rain, the predicted concentrations with 
an atmospheric stability class of 6 (also known as F-stability) were 4.44 
times higher for the dry meteorological period and 5.62 times higher for 
the after a heavy rain higher than the monitored concentrations.  
However, after considering an induced mechanical turbulence over the 
travel center by HHDDV activities and resulting a stability class of 1 
(also known as A-stability) for the CAL3QHC input, the predicted 
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average concentrations were 1.47 times higher for the dry 
meteorological period and 1.1 times higher for the after a heavy rain 
than the monitored concentrations.  The results based on a mechanically 
turbulent plume are suggesting that the monitored PM2.5 concentrations 
within the micro-scale of the travel center might be more representative 
for predicting concentrations with an induced mechanical turbulence 
rather than with the atmospheric conditions.  
• Under unstable atmospheric conditions during dry meteorological 
period and immediately after a heavy rain, the predicted average 
concentration for the dry meteorological period with atmospheric 
stability classes of 2 and 4 (also known as B and D) was 0.5 times 
smaller than the monitored average concentration.  However, the 
predicted average concentration after a heavy rain was 2.11 times 
greater than the monitored average concentration.  With the stability 
class determined based on an induced mechanical turbulence by 
HHDDV activities over the travel center, the predicted average 
concentrations were 0.37 times smaller for the dry meteorological 
period and, however, 1.53 times greater for the after a heavy rain than 
the monitored average concentrations.  The results based on a 
mechanically turbulent plume are suggesting that the monitored PM2.5 
concentrations within the micro-scale of the travel center might be more 
representative for predicting concentrations with an induced mechanical 
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turbulence rather than with the atmospheric conditions.  However, the 
results from the dry meteorological period suggest that the monitored 
PM2.5 concentrations may also have been influenced by re-entrainment 
of gray-black road dust associated with the HHDDV activities, or 
higher wind speeds, or both.       
For the future research, it is recommended that various vehicle activities in 
travel centers (i.e., idling, parking, traveling) be focused on, to determine how the 
activities affect idling and re-entrainment emissions.  This should include sampling of 
the particles from the travel centers and analyzing the components of the particles to 
identify the emission source origins.  It is also recommended that additional monitoring 
and modeling be done in association with the various vehicle activities of the Watt Road 
interchange, I-40 interchange and travel centers.  To characterize the induced 
mechanical turbulence over the travel center, tracer gases such as SF6 could be released 
from the HHDDV exhaust pipes and measured downwind to see how it disperses in and 
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Table 5.1: Adjusted vehicle volumes within the corridors of I-40 and Watt Road by hour of day 
Starting Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL
A SUB TOTAL 1148 1184 1248 1288 956 1224 2696 5360 4500 4392 4244 4112 3960 6444 5640 5732 5796 5664 4352 3848 3076 2312 2000 1604 82780
LDGV 276 232 176 120 116 288 908 2748 2072 1920 1756 1680 1604 2044 2352 2396 2432 2308 1556 1332 1008 684 552 424 30984
LDGT 152 196 152 104 180 264 944 1816 1476 1384 1288 1224 1160 2892 1704 1844 1980 2236 1740 1432 972 516 444 340 26440
HDGV 28 36 256 464 24 4 64 88 116 84 48 104 152 180 64 76 84 56 48 48 40 32 28 32 2156
HHDDV 692 720 660 596 636 660 768 676 796 956 1108 1056 1000 1228 1460 1360 1252 1024 992 1020 1044 1076 972 800 22552
BUS 0 0 4 4 0 8 12 32 40 36 28 28 28 100 60 48 36 36 16 16 12 4 4 8 560
MC 0 0 0 0 0 0 0 0 0 12 16 20 16 0 0 8 12 4 0 0 0 0 0 0 88
B SUB TOTAL 944 1012 1068 1120 792 1048 2364 4820 3772 3728 3672 3532 3392 5796 4456 4768 5072 4852 3776 3308 2588 1864 1620 1376 70740
LDGV 256 208 160 112 112 264 804 2528 1744 1700 1652 1552 1452 1912 2052 2156 2260 1968 1388 1192 896 600 504 408 27880
LDGT 136 184 140 96 168 232 872 1688 1300 1220 1140 1076 1012 2712 1432 1596 1760 1992 1576 1288 852 416 368 320 23576
HDGV 24 36 248 456 24 0 56 80 108 72 32 92 152 180 36 48 60 48 44 40 32 24 24 24 1940
HDDV 528 584 520 456 488 544 624 500 588 704 816 776 736 892 884 916 944 812 756 776 800 824 720 616 16804
BUS 0 0 0 0 0 8 8 24 32 28 24 24 24 100 52 44 36 28 12 12 8 0 4 8 476
MC 0 0 0 0 0 0 0 0 0 4 8 12 16 0 0 8 12 4 0 0 0 0 0 0 64
C SUB TOTAL 96 72 64 48 88 60 112 180 240 240 228 244 248 260 568 460 348 476 296 284 260 244 216 116 5448
LDGV 12 16 8 0 0 8 32 64 92 64 32 32 32 48 124 108 88 196 92 80 68 56 40 8 1300
LDGT 8 0 4 4 4 16 24 36 44 48 52 52 52 68 124 120 116 140 72 64 52 44 32 16 1192
HDGV 0 0 4 4 0 4 4 4 4 8 12 8 0 0 12 12 12 0 0 4 4 4 4 0 104
HDDV 76 56 48 40 84 32 52 76 100 116 128 148 164 144 300 216 132 132 132 136 136 140 140 92 2820
BUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 4 0 8 0 0 0 0 0 0 20
MC 0 0 0 0 0 0 0 0 0 4 4 4 0 0 0 0 0 0 0 0 0 0 0 0 12
D SUB TOTAL 108 100 116 120 76 116 220 360 488 424 344 336 320 388 616 504 376 336 280 256 228 204 164 112 6592
LDGV 8 8 8 8 4 16 72 156 236 156 72 96 120 84 176 132 84 144 76 60 44 28 8 8 1804
LDGT 8 12 8 4 8 16 48 92 132 116 96 96 96 112 148 128 104 104 92 80 68 56 44 4 1672
HDGV 4 0 4 4 0 0 4 4 4 4 4 4 0 0 16 16 12 8 4 4 4 4 0 8 112
HDDV 88 80 92 100 64 84 92 100 108 136 164 132 100 192 276 228 176 80 104 108 108 112 112 92 2928
BUS 0 0 4 4 0 0 4 8 8 8 4 4 4 0 0 0 0 0 4 4 4 4 0 0 64




Table 5.1: (Continued) Adjusted vehicle volumes within the corridors of I-40 and Watt Road by hour of day 
C: I-40 Exit ramps 
D: I-40 Entrance ramps 
dary 
ndary 
Starting Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL
E SUB TOTAL 148 144 152 152 104 188 476 780 672 660 632 624 600 636 568 720 856 940 748 640 528 416 292 140 11816
LDGV 32 20 24 24 12 24 132 368 148 132 112 128 140 176 124 176 224 320 240 196 152 108 60 40 3112
 
 
LDGT 20 16 16 16 16 56 228 276 240 228 212 212 212 180 116 204 288 432 288 228 168 108 48 20 3828
HDGV 4 8 8 8 0 8 0 8 48 28 8 16 20 16 0 4 8 4 8 8 8 8 4 0 232
HDDV 92 100 100 100 76 100 116 124 232 268 300 264 224 256 316 312 304 180 208 204 196 188 180 80 4520
BUS 0 0 4 4 0 0 0 4 4 4 0 4 4 4 12 20 28 4 0 0 0 0 0 0 96
MC 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 4 0 4 4 4 4 0 0 28
F SUB TOTAL 257 242 260 262 191 289 632 1017 1085 1018 924 908 871 960 1181 1159 1111 1147 938 828 709 595 457 258 17297
LDGV 33 24 27 27 13 35 175 443 351 259 159 196 229 221 273 269 259 394 263 213 163 112 55 39 4231
LDGT 25 25 21 17 21 62 237 321 331 305 272 272 272 261 244 297 343 463 331 269 207 146 84 21 4849
HDGV 8 7 12 12 0 8 5 12 49 32 15 21 18 15 19 23 23 12 11 12 12 12 5 8 355
HDDV 192 186 195 201 156 183 211 233 345 410 470 411 348 463 644 569 487 279 328 330 322 320 313 190 7786
BUS 0 0 4 4 0 0 4 8 8 8 4 4 4 0 0 0 0 0 4 4 4 4 0 0 64
MC 0 0 0 0 0 0 0 0 0 4 4 4 0 0 0 0 0 0 0 0 0 0 0 0 12
A: I-40 outside of the interchange boundary 
B: I-40 inside of the interchange boundary 
E: Watt Road inside of the interchange boun










Table5.2: Adjusted idling and non-idling HHDDV at the travel centers by the hour of day 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 TOTAL
SUB TOTAL 378 374 372 367 361 348 327 306 276 231 185 192 202 211 194 177 200 221 244 265 274 283 386 383 6757
NON-IDLING 266 263 261 257 253 243 228 213 194 166 137 142 149 156 142 128 144 159 175 190 187 184 273 270 4780
IDLING 112 111 111 110 108 105 99 93 82 65 48 50 53 55 52 49 56 62 69 75 87 99 113 113 1977





G: PETRO travel center 
H: TA travel center 
I : Flying J travel center 
NON-IDLING 175 171 167 161 155 145 130 115 104 86 68 68 67 66 74 82 90 97 104 111 130 158 186 181 2891
IDLING 80 81 83 85 87 75 57 39 35 29 22 23 25 26 33 40 43 46 49 51 57 66 75 78 1285
I SUB TOTAL 229 224 220 213 205 196 180 164 164 162 160 152 139 125 128 131 145 159 173 186 201 221 241 236 4354
NON-IDLING 150 146 142 136 130 126 119 112 111 108 105 101 94 87 90 93 100 107 114 120 131 146 161 156 2885




























Table 5.4: Stability class criteria 
 
 










5 concentrations and meteorological parameters under stable atmospheric 



























5/24 5:47 41.08 50.36 9.28 34.2 3.68 10 0.5 290 96 6
6:36 36.56 46.59 10.03 21.5 2.14 10 0.8 286 92 6
5/28 5:30 17.78 24.87 7.09 29.3 4.13 17 0.6 300 93 6
6:01 18.47 24.05 5.59 32.5 5.82 15 0.7 337 100 6
6:30 11.72 24.06 12.34 51.7 4.19 15 0.4 340 100 6
5/29 5:43 26.32 36.89 10.56 68.2 6.46 16 0.3 347 96 6
6:08 26.47 42.55 16.08 46.7 2.90 15 0.4 328 100 6
6:33 26.81 34.24 7.42 27.7 3.73 15 0.6 300 100 6
5/30 5:32 28.26 33.66 5.40 33.1 6.13 17 0.7 333 93 6
6:05 27.17 33.78 6.61 33.9 5.13 16 0.6 330 96 6
6:36 20.68 31.79 11.10 51.7 4.66 16 0.4 340 96 6
5/31 6:07 39.64 45.50 5.86 16.1 2.75 17 1.1 300 88 6
6:38 31.81 38.29 6.48 38.8 5.99 17 0.4 293 88 6
Average 27.14 35.89 8.76 37.3 4.44 15 0.6 95
(RH & Temperature from TYS)
Meteorological ParametersMonitore
Concentrati




Table 5.6: Monitored and predicted PM2.5 concentrations and meteorological parameters under unstable atmospher




























( deg)  +/- 10
%RH Stability
Class
6/5 12:40 20.49 26.23 5.74 2.64 0.46 27.0 1.8 240 62 4
13:23 24.99 26.76 1.78 2.77 1.56 28.0 1.5 240 59 2
14:19 33.93 37.25 3.32 1.75 0.53 29.0 2.3 240 58 2
14:58 34.10 42.04 7.94 1.91 0.24 31.0 2.0 240 49 2
15:25 34.75 41.42 6.68 1.91 0.29 31.0 2.0 240 49 2
15:59 34.52 51.03 16.51 1.89 0.11 32.0 2.3 240 49 2
16:34 34.36 40.25 5.89 1.75 0.30 32.0 2.5 240 49 2
Average 31.02 37.85 6.84 2.09 0.50 30.0 2.1 54
 





Table 5.7: Monitored and predicted PM2.5 concentrations and meteorological parameters under stable atmospheric 
conditions immediately after a heavy rain with the atmospheric stability class determined based on the monitored 
meteorological parameters 

















( deg)  +/- 10
%RH Stability
Class
6/7 5:47 8.26 11.34 3.08 17.3 5.62 17 2.5 20 94 6





















Table 5.8: Monitored and predicted PM2.5 concentrations and meteorological parameters under unstable atmospher





















( deg)  +/- 10
%RH Stability
Class
6/6 17:09 9.55 10.51 0.96 4.62 4.82 23.0 1.2 315 88 4
17:35 7.20 9.44 2.24 4.00 1.79 23.0 1.2 250 88 2
18:04 8.56 14.13 5.57 5.82 1.05 23.0 0.8 289 84 2
18:30 11.68 16.54 4.86 3.80 0.78 23.0 1.3 272 84 2
Average 9.25 12.66 3.41 4.56 2.11 23.0 1.1 86
Monitored Meteorological Parameters

















Table 5.9: Estimated idling emission factor for CAL3QHC inputs 
Starting Hour 0 1 2 3 4 5 6 7 8 9 10 11
Idling HHDDV (vehicles) 112 111 111 110 108 105 99 93 82 65 48 50
Emission Factor (g/mi-hr)* 209 208 208 206 202 196 185 174 153 122 90 93
 
Starting Hour 12 13 14 15 16 17 18 19 20 21 22 23
Idling HHDDV (vehicles) 53 55 52 49 56 62 69 75 87 99 113 113
Emission Factor (g/mi-hr)* 99 103 97 92 105 116 129 140 163 185 211 211
 








Table 5.10: Monitored and predicted PM2.5 concentrations and meteorological parameters under stable atmospheric 































.08 50.36 13 1.45 290 96 1
6:36 36.56 46.59 10.03 8.76 0.87 10 0.8 286 92 1
5/28 5:30 17.78 24.87 7.09 11.9 1.68 17 0.6 300 93 1
6:01 18.47 24.05 5.59 9.22 1.65 15 0.7 337 100 1
6:30 11.72 24.06 12.34 14.0 1.13 15 0.4 340 100 1
5/29 5:43 26.32 36.89 10.56 17.0 1.61 16 0.3 347 96 1
6:08 26.47 42.55 16.08 14.6 0.91 15 0.4 328 100 1
6:33 26.81 34.24 7.42 11.2 1.51 15 0.6 300 100 1
5/30 5:32 28.26 33.66 5.40 10.0 1.85 17 0.7 333 93 1
6:05 27.17 33.78 6.61 10.7 1.62 16 0.6 330 96 1
6:36 20.68 31.79 11.10 14.0 1.26 16 0.4 340 96 1
5/31 6:07 39.64 45.50 5.86 6.75 1.15 17 1.1 300 88 1
6:38 31.81 38.29 6.48 15.2 2.35 17 0.4 293 88 1
Average 27.14 35.89 8.76 12.1 1.47 15 0.6 95
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Table 5.11: Monitored and predicted PM2.5 concentrations and meteorological parameters under unstable atmospher



























( deg)  +/- 10
%RH Stability
Class
6/5 12:40 20.49 26.23 5.74 1.72 0.30 27.0 1.8 240 62 1
13:23 24.99 26.76 1.78 2.12 1.19 28.0 1.5 240 59 1
14:19 33.93 37.25 3.32 1.34 0.40 29.0 2.3 240 58 1
14:58 34.10 42.04 7.94 1.47 0.19 31.0 2.0 240 49 1
15:25 34.75 41.42 6.68 1.47 0.22 31.0 2.0 240 49 1
15:59 34.52 51.03 16.51 1.45 0.09 32.0 2.3 240 49 1
16:34 34.36 40.25 5.89 1.34 0.23 32.0 2.5 240 49 1
Average 31.02 37.85 6.84 1.56 0.37 30.0 2.1 54
 















conditions immediately after a heavy rain with the stability class determined with the idea of an induced mechanical 
turbulence 
 

















( deg)  +/- 10
%RH Stability
Class
6/7 5:47 8.26 11.34 3.08 3.38 1.10 17 2.5 20 94 1











Table 5.13: Monitored and predicted PM2.5 concentrations and meteorological parameters under unstable atmospheric 
conditions immediately after a heavy rain with the stability class determined with the idea of an induced mechanical 
turbulence 
 

















( deg)  +/- 10
%RH Stability
Class
6/6 17:09 9.55 10.51 0.96 2.97 3.10 23.0 1.2 315 88 1
17:35 7.20 9.44 2.24 3.22 1.44 23.0 1.2 250 88 1
18:04 8.56 14.13 5.57 5.05 0.91 23.0 0.8 289 84 1
18:30 11.68 16.54 4.86 3.34 0.69 23.0 1.3 272 84 1
Average 9.25 12.66 3.41 3.65 1.53 23.0 1.1 86
Monitored Meteorological Parameters
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Figure 2.1: General total vehicle volume distribution of a freeway by hour of day 
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Figure 2.2: Total vehicle and large truck volume distribution on an urban fringe interstate by hour  
of day 
                 
Source: Everett, J.D., An Analysis of Traffic Parameter Profiles used in a High Resolution  
Mobile Source Emission Inventory, A Thesis Presented for the Master of Science Degree,  






                           
 
 

























Figure 2.4: Influence of relative humidity (RH) on fine particle mass concentration  
e: Gong, H.Jr. et al, Controlled human exposures to concentrated ambient fine 
n metropolitan Los Angeles: Methodology and Preliminary Health-Effect 
Sourc
particles i






.51 109-120, January 2001 
 
 
Figure 2.5: 24-hr average PM2.5 concentration correlation betw
light scattering aerosol monitor (Nephelometer, OPTEC, Inc) and 
gravimetric sampler (FRM) 
 
Source:  Chung, A., Chang, D. and Kleeman, M.J. Com
Time Instruments Used To Monitor Airborne Particulate Matter.  Journal of 

































Particle Sizing Aerosol Monitor/Data Logger Instruction 









            Figure 3.1: Major components of aerosol monitoring system  
            (DataRAM, model: DR-4000) 
 

















Figure 3.2: DataRAM PM10/PM2.5 impactor head  
 
Source: Thermo MIE Corporation, DataRAM 4 Portable  
Particle Sizing Aerosol Monitor/Data Logger Instruction  

















Source: Thermo MIE Corporation, DataRAM  Portable  
r/Data Logger Instruction  Particle Sizing Aerosol Monito










Figure 3.4: Scattering enhancement factor as a function of relative 
humidity for DataRAM aerosol monitoring system 
 
Source: Thermo MIE Corporation, DataRAM Portable  
Particle Sizing Aerosol Monitor/Data Logger Instruction  























Figure 4.2: DataRAM and RP-TEOM for a gravimetric correction factor at Department of                                  







PM2.5 concentrations within the corridors 
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Total Vehicle Volume Fraction on I-40
HHDDV Volume Fraction only on I-40
 






























































Total Vehicle Volume on Watt Road
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Total Vehicle Volume Fraction on Watt Road
HHDDV Volume Fraction only on Watt Road
 
 























































































rticle removal  
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Figure 5.10: The calibration factor for DataRAM PM2.5 concentrations as corresponding gravimetric 
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Figure 5.11: Real-time instantaneous PM2.5 concentrations 
(µg/m3) within the corridor of US-381, I-40/I-75, Watt Road and 
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Figure 5.12: Real-time instantaneous PM2.5 concentrations 
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Figure 5.13: Emission source links and monitoring site locations under stable atmospheric conditions during  























Watt Road Interchange 
Boundary






















Figure 5.14: Emission source links and monitoring site locations under unstable atmospheric conditions during 
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igure 5.15: Emission source links and monitoring site locations under stable atmospheric conditions 














































Figure 5.16: Emission source links and monitoring site locations under unstable atmospheric conditions 








































1     :MYMRFG (alternate m
1     :
1     :
ple Using Alternate VMT Mixes once per run 
     :VMFLAG (alternate VMT mixes) 
ileage accumulation rates & registration) 
IMFLAG (Inspection and maintenance) 
RFGFLG (2 to apply reformulated gasoline effect ) 
3     :OUTFMT (indicates type of output format) 
2     :IDLFLG (2 to print, 1 not to print idle emission facto
1     :SO2FLG (2 to print Gaseous SO2 emissions, 1 not to print them) 
3     :PRTFLG (determines which pollutants to print out) 
1     :BUSFLG (determines which alternative bus cycles to print out) 
1 2002 1 2.5    : region, year, speed cycle, speed 
04.3 05.1   2    : unpaved silt%, ind. silt g/m^2, WHEELFLG 
140              : number of precip. days 
PM2.5                          :scene name 




























s, 1 not to
rs) 
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C.2 PART5 output  
 
PART5 Revised 02-24-95 




 PM2.5                          : 
 Particle Size Cutoff  2.50 Microns              Altitude
 Cal. Year: 2002                                 I/M Program: No                    Region:   Low               All 
   Veh. Type:  LDGV   LDGT1   LDGT2    DV    LDDT   2BHDDV  LHDDV   
MHDDV   HHDDV   BUSES    Veh.    
              ______  ______  ______  ______  ______  ______  ______  ______  ______  ______  ______  
______
 Veh. S
     VMT Mix: 0.6091  0.1931  0.0863  0.0312  0.0061  0.0015  0.0014  0.0134  0.0000  0.0174  0.0377  
0.0030 
 Composite Emission Factors (g/mi) 
  Exhaust PM: 0.012   0.015   0.017   0.066   0.014   0.140   0.152   0.134   0.000   0.473   0.542   0.437   
0.046 
  Brake:      0.005   0.005   0.005   0.005   0.005   0.005   0.005   0.005   0.000   0.005   0.005   0.005   
0.005 
  Tire:       0.002   0.002   0.002   0.003   0.001   0.002   0.002   0.002   0.000   0.003   0.009   0.002   0.002 






 Fugitive Dust: Unpaved Roads Fleet Average   32.74 g/mi (as calculated in AP42 Vol 1 9/88)* 
                  Paved Roads Fleet Average   78.22 g/mi (as calculated in draft AP42 Vol 1 3/93)* 
                Unpaved Roads Fleet Average   32.54 g/m as calculated in AP42 Vol 1 9/88, minus tailpipe 
and  
                                                        tire-wear emissions)** 
                Paved Roads Fleet Average   78.01 g/mi (as calculated in draft AP42 Vol 1 3/93, minus 
ilpipe  
                                                        and tire-wear emissions)** 
  Includes fleet average tailpipe, tire-wear and brake-wear emissions. 
* Includes fleet average brake-wear emissions. 
Paved Road Silt:  5.10 (g/m^2)                                Fleet average vehicle weight:  33000 
Unpaved Silt:  4.3%                                           Fleet average number of wheels: 18 
Precipitation Days:  140 >0.01 in. (per year) 
___________________________________________________________________________________
_______________________________ 
                                                                                                              All 
 Veh. Type:  LDGV   LDGT1   LDGT2    HDGV     MC     LDDV    LDDT   2BHDDV  LHDDV   
HDDV   HHDDV   BUSES    Veh.    
 Total Idle 
:  500. Ft.                Driving:  Transient RFG:No   
HDGV     MC     LD
  ______ 











































d meteorological parameters 
 











CAL3QHC input and output files are separated into four different conditions: 
 
nd stable and unstable atmospheric conditions after a heavy rain.  The HHDDV idling 
mission factor was 1.598 g/hr based on the PART5 model.  The PART5 idling 
HDDV emission factor, 1.598 g/hr, was multiplied by the number of idling HHDDV 
ee Table 5.9) and divided by link length (0.855 mile).  The emission factors (grams 
per mile) for the CAL3QHC input parameter are shown in Table 5.9.  In order to 
maintain three significant figures for the predicted PM2.5 concentrations, the number of 
vehicles for each hour was multiplied by 100 for the CAL3QHC input and divided by 
100 for the output tables (see Table 5.5 to 5.8 and 5.10 to 5.13). 

















D.1 Stable atmospheric conditions during a dry meteorological period 
D.1.1 CAL3QHC input file for 5 A.M. 
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'Receptor UP '  160. -290.  1.5 
'Receptor DW1'  310. -350.  1.5 
'For 05 to 06 May 2002'  10  4  0  'P' 
  1 
'13 G Petro 1 ' 'BR'    160  -460   260  -390    100  196  4  10  
  1                                                              
'14 G Petro 2 ' 'BR'    150  -450   250  -380 
  1                                                              
'15
  1
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  196  4  10  
  1                                    
'17 G Petro 5 ' 'BR'    280
  1                                                              
ro 6 ' 'BR'    270  -360   310  -170    100  196  4  10  
  1                                                              
ro 7 ' 'BR'    250  -340   290  -160    100  196  4  10  
1                                                              
ro 8 ' 'BR'    240  -330   280  -150    100  196  4  10  
1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  196  4  10  
1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  196  4  10  
.5    290  6   100  0.0 'Y'  1  -10  10 
.6    300  6   100  0.0 'Y'  1  -10  10 
 0.3    347  6   100  0.0 'Y'  1  -10  10 
















   100  196  4  10  
 G Petro 3 ' 'BR'    130  -430   230  -360    100  196  4  10  
                                                              
                          















D.1.2 CAL3QHC input file for 6 A.M. 
 
'Receptor UP '  160. -290.  1.5 
'Receptor DW '  310. -350.  1.5 
'For 06 to 07 May 2002'  10  9  0  'P' 
  1 
  1                                                              
  1                                                              
'15 G Petro 3 ' 'BR'    130  -430   230  -360    100  185  4  10  
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  185  4  10  
'17 G Petro 5 ' 'BR'    280  -370   320  -180    100  185  4  10  
  1                                                              
'18 G Petro 6 ' 'BR'    270  -360   310  -170    100  185  4  10  
  1                                                              
  1                                                              
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'13 G Petro 1 ' 'BR'    160  -460   260  -390    100  185  4  10  
'14 G Petro 2 ' 'BR'    150  -450   250  -380    100  185  4  10  
  1                                                              
  1                                                              
'19 G Petro 7 ' 'BR'    250  -340   290  -160    100  185  4  10  
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  185  4  10  
                                   
    210  -240   230  -170    100  185  4  10  
  1                                                              
ro10 ' 'BR'    170  -270   200  -320    100  185  4  10  
 0.8    286  6   100  0.0 'Y'  1  -10  10 
.7    337  6   100  0.0 'Y'  1  -10  10 
.4    340  6   100  0.0 'Y'  1  -10  10 
.4    328  6   100  0.0 'Y'  1  -10  10 
.6    300  6   100  0.0 'Y'  1  -10  10 
 0.6    330  6   100  0.0 'Y'  1  -10  10 
.4    340  6   100  0.0 'Y'  1  -10  10 
 1.1    300  6   100  0.0 'Y'  1  -10  10 








  1                           


















D.1.3 CAL3QHC output file for 5 A.M. 
 
                        CAL3QHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0 Dated 95221                        
AGE  1 
                            RUN: For 05 to 06 May 2002                    
rages. 
TES     MIXH =   100. M   AMB =   .0 
 (M)           *    LENGTH  BRG TYPE   
 (DEG)            (G/MI)   (M) (M)       (VEH) 
-----------------------------------------------------
     122.    55. BR    100. 196.0   4.0 10.0 
     122.    55. BR    100. 196.0   4.0 10.0 
     122.    55. BR    100. 196.0   4.0 10.0 
     122.    55. BR    100. 196.0   4.0 10.0 
70.0     320.0    -180.0 *     194.    12. BR    100. 196.0   4.0 10.0 
60.0     310.0    -170.0 *     194.    12. BR    100. 196.0   4.0 10.0 
40.0     290.0    -160.0 *     184.    13. BR    100. 196.0   4.0 10.0 
30.0     280.0    -150.0 *     184.    13. BR    100. 196.0   4.0 10.0 
     9. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 196.0   4.0 10.0 
    10. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 196.0   4.0 10.0 
                                                                                                              PAGE  2 
    JOB: PM2.5 Project                                        RUN: For 05 to 06 May 2002                    
    DATE :  7/10/ 2 
    TIME : 21:54:34 
     RECEPTOR LOCATIONS 
     ------------------ 
                            *           COORDINATES (M)           * 
       RECEPTOR             *      X          Y          Z        * 
   -------------------------*-------------------------------------* 
    1. Receptor UP          *       160.0     -290.0        1.5   * 
    2. Receptor DW1         *       310.0     -350.0        1.5   * 
       MODEL RESULTS 
P
 
      JOB: PM2.5 Project            
 
      DATE :  7/10/ 2 
 TIME : 21:54:34      
 
r calculating PM ave         The MODE flag has been set to P fo
 
IABLES          SITE & METEOROLOGICAL VAR
       ------------------------------- 
       Z0 = 100. CM        VS =    .0 CM/S       VD =    .0 CM/S
        U =   .5 M/S         CLAS =   6  (F)     ATIM =  10. MINU
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
K COORDINATES         LINK DESCRIPTION     *         LIN
VPH    EF      H   W    V/C QUEUE 
       Y2     *     (M)                                *   X1        Y1        X2 
      ------------------------*----------------------------------------*---
-- 
       1. 13 G Petro 1        *    160.0    -460.0     260.0    -390.0 *
0     250.0    -380.0 *       2. 14 G Petro 2        *    150.0    -450.
       3. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *
420.0     220.0    -350.0 *       4. 16 G Petro 4        *    120.0    -
       5. 17 G Petro 5        *    280.0    -3
       6. 18 G Petro 6        *    270.0    -3
       7. 19 G Petro 7        *    250.0    -3




















       ------------- 
 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
aximum 
icated as maximum. 
HE HIGHEST CONCENTRATION OF   3422. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                                              PAGE  3 
    JOB: PM2.5 Project                                        RUN: For 05 to 06 May 2002                    
     METEOROLOGICAL VARIABLES   
     ------------------------ 
      U =   .6 M/S         CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
  
  
                 angle, of the angles 
                 concentrations, is ind
with same m
 
 WIND ANGLE RANGE: 280.-300. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 280.  *    0. 1962. 
 281.  *    0. 2067. 
 282.  *    0. 2185. 
 283.  *    0. 2312. 
 284.  *    0. 2446. 
 285.  *    0. 2583. 
 286.  *    0. 2719. 
 287.  *    0. 2851. 
 288.  *    0. 2974. 
 289.  *    0. 3087. 
 290.  *    0. 3186. 
 291.  *    0. 3271. 
 292.  *    0. 3338. 
 293.  *    0. 3387. 
 294.  *    0. 3416. 
 295.  *    0. 3422. 
 296.  *    0. 3405. 
 297.  *    0. 3365. 
 298.  *    0. 3304. 
 299.  *    0. 3227. 
 300.  *    0. 3142. 
 ------*------------ 
 MAX   *    0. 3422. 
 D
 

















                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
C2  
91.  *    0. 2800. 
93.  *    0. 2900. 
0. 2829. 
99.  *    0. 2764. 
. 
ICAL VARIABLES   
--- 
      U =   .3 M/S         CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
gles with same maximum 
  
 
 WIND ANGLE RANGE: 290.-310. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 




290.  *    0. 2727. 
 
 2
292.  *    0. 2858. 
 294.  *    0. 2925. 
 295.  *    0. 2931. 
 296.  *    0. 2916. 
 297.  *    0. 2882. 
298.  *     
 2
 300.  *    0. 2690
 301.  *    0. 2616
. 
 302.  *    0. 2570. 
 303.  *    0. 2549. 
 304.  *    0. 2504. 
 305.  *    0. 2470. 
 306.  *    0. 2446. 
 307.  *    0. 2431. 
 308.  *    0. 2427. 
 309.  *    0. 2431. 
 310.  *    0. 2446. 
 ------*------------ 
 MAX   *    0. 2931. 
 DEGR. *  290   295 
 
 THE HIGHEST CONCENTRATION OF   2931. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
 
 
                                                                                                                PAGE  4 
      JOB: PM2.5 Project                                        RUN: For 05 to 06 May 2002                    
 
       METEOROLOG
 
  




       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the an
 103
                 concentrations, is indicated as maximum. 
DEGR)* REC1  REC2  




ENTRATION OF   6822. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                             PAGE  5 
    JOB: PM2.5 Project                                        RUN: For 05 to 06 May 2002                    
     METEOROLOGICAL VARIABLES   
B =   .0 
g/m**3 
------ 
     REMARKS : In search of the angle corresponding to 
oncentration, only the first 
 of the angles with same maximum 
               concentrations, is indicated as maximum. 
 
 WIND ANGLE RANGE: 337.-357. 
 
 WIND  * CONCENTRATION  




 338.  *    0. 6102. 
 339.  *    0. 6156. 
 340.  *    0. 6237. 
 341.  *    0. 6337.
 342.  *    0. 6446. 
 343.  *    0. 6554. 
 344.  *    0. 6651. 
 345.  *    0. 6730. 
 346.  *    0. 6787. 
 347.  *    0. 6819. 
 348.  *    0. 6822. 
 349.  *    0. 6790. 
 350.  *    0. 6722. 
 351.  *    0. 6618. 
 352.  *    0. 6552. 
 353.  *    0. 6323. 
 354.  *    0. 6101. 
 355.  *    0. 5855. 
 356.  *    0. 5583. 
 357.  *    0. 5283. 
 ------*------------ 
 MAX   *    0. 6822
 DEGR. *  337   34
 
 THE HIGHEST CONC
 
 




       ------------------------ 




       MODEL RESULTS 
       -------
 
  
                 the maximum c




 WIND ANGLE RANGE: 323.-343. 
 
 WIND  * CONCENTRATION  





ONCENTRATION OF   3310. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
 (DEGR)* REC1  REC2  
 -
 323.  *    0. 2760. 
 324.  *    0. 2812. 
 325.  *    0. 2865. 
 326.  *    0. 2928.
 327.  *    0. 2979. 
 328.  *    0. 3024. 
 329.  *    0. 3060. 
 330.  *    0. 3086. 
 331.  *    0. 3101. 
 332.  *    0. 3103. 
 333.  *    0. 3096. 
 334.  *    0. 3083. 
 335.  *    0. 3070. 
 336.  *    0. 3061. 
 337.  *    0. 3063. 
 338.  *    0. 3077. 
 339.  *    0. 3106. 
 340.  *    0. 3147. 
 341.  *    0. 3199. 
 342.  *    0. 3255. 
 343.  *    0. 3310. 
 ------*------------ 
 MAX   *    0. 3310
 DEGR. *  323   34
 























D.1.4 CAL3QHC output file for 6 A.M. 
 
      JOB: PM2.5 Project                
 
                        RUN: For 06 to 07 May 2002                    
ag has been set to P for calculating PM averages. 
OROLOGICAL VARIABLES   
------------- 
       VD =    .0 CM/S       Z0 = 100. CM 
      CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
LES 
IPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
    V/C QUEUE 
   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
-----*----------------------------------------*--------------------------------------------------------
        *    160.0    -460.0     260.0    -390.0 *     122.    55. BR    100. 185.0   4.0 10.0 
        *    150.0    -450.0     250.0    -380.0 *     122.    55. BR    100. 185.0   4.0 10.0 
        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100. 185.0   4.0 10.0 
        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100. 185.0   4.0 10.0 
        *    280.0    -370.0     320.0    -180.0 *     194.    12. BR    100. 185.0   4.0 10.0 
        *    270.0    -360.0     310.0    -170.0 *     194.    12. BR    100. 185.0   4.0 10.0 
     *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 185.0   4.0 10.0 
     *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 185.0   4.0 10.0 
     *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 185.0   4.0 10.0 
    10. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 185.0   4.0 10.0 
                 
    DATE :  7/10/ 2 
PTOR LOCATIONS 
     ------------------ 
                            *           COORDINATES (M)           * 
 *      X          Y          Z        * 
---------*-------------------------------------* 
 
      DATE :  7/10/ 2 
      TIME : 21:54:35 
 
         The MODE fl
 
       SITE & METE
       ------------------
       VS =    .0 CM/S
        U =   .8 M/S   
ug/m**3 
 
       LINK VARIAB
       -------------- 
         LINK DESCR
VPH    EF      H   W
                              *
      -------------------
-- 
       1. 13 G Petro 1
       2. 14 G Petro 2
       3. 15 G Petro 3
       4. 16 G Petro 4
       5. 17 G Petro 5
       6. 18 G Petro 6
       7. 19 G Petro 7   
       8. 20 G Petro 8   
 
  
      9. 21 G Petro 9   
 
 
                                                                                                                PAGE  2 
      JOB: PM2.5 Project                                        RUN: For 06 to 07 May 2002   
 
  
      TIME : 21:54:35 
 
 
       RECE
  
  
         RECEPTO
     ----------------
R            
      1. Receptor UP          *       160.0     -290.0        1.5   * 
      2. Receptor DW          *       310.0     -350.0        1.5   *
 
       MODEL RESULTS 
 
 
      ------------- 
 106
       REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
h same maximum 






95.  *    0. 2147. 
-----*------------ 
AX   *    0. 2147. 
EGR. *  276   295 
HE HIGHEST CONCENTRATION OF   2147. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                                              PAGE  3 
    JOB: PM2.5 Project                                        RUN: For 06 to 07 May 2002                    
     METEOROLOGICAL VARIABLES   
     ------------------------ 
      U =   .7 M/S         CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
               angle, of the angles with same maximum 
  
                 angle, of the angles wit
                 concentrations, 
 
 WIND ANGLE R
 
 WIND  * CONCEN
 ANGLE *      (ug/m
 (DEGR)* REC1  R
 ------*------------ 
 276.  *    0. 1077. 
 277.  *    0. 1092. 
 278.  *    0. 1122. 
 279.  *    0. 1166. 
 280.  *    0. 1220. 
 281.  *    0. 1287. 
 282.  *    0. 1361. 
 283.  *    0. 1442. 
 284.  *    0. 1527. 
 285.  *    0. 1614. 
 286.  *    0. 1700. 
 287.  *    0. 1784. 
 288.  *    0. 1862. 
 289.  *    0. 1934. 
 290.  *    0. 1997. 
 291.  *    0. 2051. 
 292.  *    0. 2093.
 293.  *    0. 2124. 
 294.  *    0. 2143. 
 2























                 concentrations, is indicated as maximum. 
 
IND ANGLE RANGE: 327.-347. 




1.  *    0. 3019. 
ICAL VARIABLES   
--- 
      U =   .4 M/S         CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
 is indicated as maximum. 




 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC
------*------------  
 327.  *    0. 2811. 
328.  *    0. 2854.  
 329.  *    0. 2889. 
 330.  *    0. 2913. 
 331.  *    0. 2927. 
 332.  *    0. 2929. 
 333.  *    
334.  *     
 335.  *    0. 2898. 
.  336.  *    0. 2890
 337.  *    0. 2891. 
 338.  *    0. 2904. 
 339.  *    0. 2931. 
 340.  *    0. 2971. 
 34
 342.  *    0. 3072. 
 343.  *    0. 3124. 
 344.  *    0. 3171. 
 345.  *    0. 3209. 
 346.  *    0. 3237. 
 347.  *    0. 3252. 
 ------*------------ 
 MAX   *    0. 3252. 
 DEGR. *  327   347 
 
THE HIGHEST CONCENTRATION OF   3252. ug/m**3 OCCURRED AT RECEPTOR REC2 .  
 
                                                                                                                PAGE  4 
      JOB: PM2.5 Project                                        RUN: For 06 to 07 May 2002                    
 
       METEOROLOG





       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                angle, of the angles with same maximum  





 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 




ENTRATION OF   5166. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                   PAGE  5 
ct                                        RUN: For 06 to 07 May 2002                    
     MODEL RESULTS 
               angle, of the angles with same maximum 
um. 
IND  * CONCENTRATION  
NGLE *      (ug/m**3) 
 
18.  *    0. 3822. 
 330.  *    0. 4642. 
 3
 332.  *    0. 4665. 
 333.  *    0. 4653. 
 334.  *    0. 4633. 
 335.  *    0. 4612.
 336.  *    0. 4598. 
 337.  *    0. 4599. 
 338.  *    0. 4619. 
 339.  *    0. 4661. 
 340.  *    0. 4722. 
 341.  *    0. 4798. 
 342.  *    0. 4881. 
 343.  *    0. 4963. 
 344.  *    0. 5036. 
 345.  *    0. 5096. 
 346.  *    0. 5140. 
 347.  *    0. 5163. 
 348.  *    0. 5166. 
 349.  *    0. 5141. 
 350.  *    0. 5090. 
 ------*------------ 
 MAX   *    0. 5166
 DEGR. *  330   34
 
 THE HIGHEST CONC
 
                             
      JOB: PM2.5 Proje
 
  
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
  
                 concentrations, is indicated as maxim
 




 (DEGR)* REC1  REC2  
 ------*------------
 3
 319.  *    0. 3923. 
 320.  *    0. 4021. 
 321.  *    0. 4114. 
 109
 322.  *    0. 4191. 
 323.  *    0. 4161. 




ENTRATION OF   4665. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                 PAGE  6 
ject                                        RUN: For 06 to 07 May 2002                    
GICAL VARIABLES   
------ 
      CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
     MODEL RESULTS 
               angle, of the angles with same maximum 
um. 
IND  * CONCENTRATION  
NGLE *      (ug/m**3) 
 
90.  *    0. 2574. 
95.  *    0. 2766. 
 324.  *    0. 4239. 
 3
 326.  *    0. 4409. 
 327.  *    0. 4484. 
 328.  *    0. 4551. 
 329.  *    0. 4604.
 330.  *    0. 4642. 
 331.  *    0. 4662. 
 332.  *    0. 4665. 
 333.  *    0. 4653. 
 334.  *    0. 4633. 
 335.  *    0. 4612. 
 336.  *    0. 4598. 
 337.  *    0. 4599. 
 338.  *    0. 4619. 
 ------*------------ 
 MAX   *    0. 4665
 DEGR. *  318   33
 
 THE HIGHEST CONC
 
                               
      JOB: PM2.5 Pro
 
       METEOROLO
       ------------------





       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
  
                 concentrations, is indicated as maxim
 




 (DEGR)* REC1  REC2  
 ------*------------
 2
 291.  *    0. 2643. 
 292.  *    0. 2698. 
 293.  *    0. 2738. 
 294.  *    0. 2761. 
 2
 296.  *    0. 2752. 
 110




ENTRATION OF   2766. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                 PAGE  7 
ject                                        RUN: For 06 to 07 May 2002                    
LTS 
he angle corresponding to 
m concentration, only the first 
e angles with same maximum 
               concentrations, is indicated as maximum. 
IND ANGLE RANGE: 320.-340. 
NGLE *      (ug/m**3) 
 
20.  *    0. 2875. 
25.  *    0. 3089. 
27.  *    0. 3211. 
 
 298.  *    0. 2671. 
 299.  *    0. 2608. 
 300.  *    0. 2539. 
 301.  *    0. 2470.
 302.  *    0. 2426. 
 303.  *    0. 2406. 
 304.  *    0. 2363. 
 305.  *    0. 2331. 
 306.  *    0. 2308. 
 307.  *    0. 2295. 
 308.  *    0. 2291. 
 309.  *    0. 2295. 
 310.  *    0. 2309. 
 ------*------------ 
 MAX   *    0. 2766
 DEGR. *  290   29
 
 THE HIGHEST CONC
 
                               
      JOB: PM2.5 Pro
 
       MODEL RESU
       ------------- 
 
       REMARKS : In search of t
                 the maximu





 WIND  * CONCENTRATION  
 A
 (DEGR)* REC1  REC2  
 ------*------------
 3
 321.  *    0. 2941. 
 322.  *    0. 2997. 
 323.  *    0. 2976. 
 324.  *    0. 3032. 
 3
 326.  *    0. 3156. 
 3
 328.  *    0. 3259. 
 329.  *    0. 3298. 
 330.  *    0. 3326. 
 331.  *    0. 3341.
 332.  *    0. 3343. 
 333.  *    0. 3336. 
 334.  *    0. 3322. 
 335.  *    0. 3307. 
 111
 336.  *    0. 3298. 
 337.  *    0. 3299. 
 338.  *    0. 3314. 
 339.  *    0. 3345. 
 340.  *    0. 3389. 
 ------*------------ 
 MAX   *    0. 3389. 
0 
ENTRATION OF   3389. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                 PAGE  8 
ject                                        RUN: For 06 to 07 May 2002                    
GICAL VARIABLES   
------ 
      CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
     MODEL RESULTS 
               angle, of the angles with same maximum 
um. 
IND  * CONCENTRATION  
NGLE *      (ug/m**3) 
 
30.  *    0. 4642. 
35.  *    0. 4612. 
37.  *    0. 4599. 
 
 DEGR. *  320   34
 
 THE HIGHEST CONC
 
                               
      JOB: PM2.5 Pro
 
       METEOROLO
       ------------------





       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
  
                 concentrations, is indicated as maxim
 




 (DEGR)* REC1  REC2  
 ------*------------
 3
 331.  *    0. 4662. 
 332.  *    0. 4665. 
 333.  *    0. 4653. 
 334.  *    0. 4633. 
 3
 336.  *    0. 4598. 
 3
 338.  *    0. 4619. 
 339.  *    0. 4661. 
 340.  *    0. 4722. 
 341.  *    0. 4798.
 342.  *    0. 4881. 
 343.  *    0. 4963. 
 344.  *    0. 5036. 
 345.  *    0. 5096. 
 346.  *    0. 5140. 
 347.  *    0. 5163. 
 348.  *    0. 5166. 
 112
 349.  *    0. 5141. 
 350.  *    0. 5090. 
 ------*------------ 
 MAX   *    0. 5166. 
8 
ENTRATION OF   5166. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                 PAGE  9 
ject                                        RUN: For 06 to 07 May 2002                    
GICAL VARIABLES   
------ 
       CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
     MODEL RESULTS 
               angle, of the angles with same maximum 
 is indicated as maximum. 
IND ANGLE RANGE: 290.-310. 
-----*------------ 
91.  *    0. 1533. 
 
 DEGR. *  330   34
 
 THE HIGHEST CONC
 
                               
      JOB: PM2.5 Pro
 
       METEOROLO
       ------------------





       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
  




 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 -
 290.  *    0. 1493. 
 2
 292.  *    0. 1565. 
 293.  *    0. 1589. 
 294.  *    0. 1603. 
 295.  *    0. 1606.
 296.  *    0. 1598. 
 297.  *    0. 1579. 
 298.  *    0. 1551. 
 299.  *    0. 1515. 
 300.  *    0. 1475. 
 301.  *    0. 1434. 
 302.  *    0. 1407. 
 303.  *    0. 1396. 
 304.  *    0. 1371. 
 305.  *    0. 1353. 
 306.  *    0. 1340. 
 307.  *    0. 1332. 
 308.  *    0. 1330. 
 309.  *    0. 1333. 
 310.  *    0. 1341. 
 ------*------------ 
 113
 MAX   *    0. 1606. 
5 
ENTRATION OF   1606. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                 PAGE 10 
roject                                        RUN: For 06 to 07 May 2002                    
ICAL VARIABLES   
     ------------------------ 
 
g/m**3 
     ------------- 
h of the angle corresponding to 
 angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
: 283.-303. 
IND  * CONCENTRATION  
84.  *    0. 2779. 




ENTRATION OF   3880. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
 DEGR. *  290   29
 
 THE HIGHEST CONC
                               
      JOB: PM2.5 P
 
       METEOROLOG
  
        U =   .4 M/S         CLAS =   6  (F)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0
u
 
       MODEL RESULTS 
  
 
       REMARKS : In searc
                 the maximum concentration, only the first 
                
  
 
 WIND ANGLE RANGE
 
 W
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 283.  *    0. 2628. 
 2
 285.  *    0. 2933. 
 2
 287.  *    0. 3235. 
 288.  *    0. 3374. 
 289.  *    0. 3502. 
 290.  *    0. 3614.
 291.  *    0. 3709. 
 292.  *    0. 3786. 
 293.  *    0. 3841. 
 294.  *    0. 3873. 
 295.  *    0. 3880. 
 296.  *    0. 3861. 
 297.  *    0. 3815. 
 298.  *    0. 3745. 
 299.  *    0. 3658. 
 300.  *    0. 3561. 
 301.  *    0. 3463. 
 302.  *    0. 3403. 
 303.  *    0. 3376. 
 ------*------------ 
 MAX   *    0. 3880
 DEGR. *  283   29
 
 THE HIGHEST CONC
 
 114
D.2 Unstable atmospheric conditions during a dry meteorological period 
input file for 12 P.M. D.2.1 CAL3QHC  
eceptor UP '  160. -290.  1.5 
1                                                              
 100  99  4  10  
                         
                                                  
ro 7 ' 'BR'    250  -340   290  -160    100  99  4  10  
1                                                              
 -330   280  -150    100  99  4  10  
                                        
ro 9 ' 'BR'    210  -240   230  -170    100  99  4  10  
 4  10  
 
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'R
'Receptor DW2'  295. -145.  1.5 
'For 12 to 13 May 2002'  6  1  0  'P' 
  
'15 G Petro 3 ' 'BR'    130  -430   230  -360   
  1                                     
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  99  4  10  
  1            
'19 G Pet
  
'20 G Petro 8 ' 'BR'    240 
  1                      
'21 G Pet
  1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  99 
































D.2.2 CAL3QHC input file for 13 P.M. 
or 13 to 14 May 2002'  6  1  0  'P' 
 -430   230  -360    100  103  4  10  
o 4 ' 'BR'    120  -420   220  -350    100  103  4  10  
                        
 -340   290  -160    100  103  4  10  
                                        
ro 8 ' 'BR'    240  -330   280  -150    100  103  4  10  
  4  10  
3  4  10  
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'Receptor UP '  160. -290.  1.5 
'R
'F
eceptor DW2'  295. -145.  1.5 
  1                                    
'15 G Petro 3 ' 'BR'    130 
                          
  1                                                              
'16 G Petr
  1                                      
'19 G Petro 7 ' 'BR'    250 
 
'20 G Pet
 1                      
  1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  103
  1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  10



































D.2.3 CAL3QHC input file for 14 P.M. 
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
eceptor UP '  160. -290.  1.5 
             
  -360    100  97  4  10  
'R
'Receptor DW2'  295. -145.  1.5 
  'P' 'For 14 to 15 May 2002'  6  1  0
  1                                                 
'15 G Petro 3 ' 'BR'    130  -430   230
  1                                                              
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  97  4  10  
  1                                                              
'19 G Petro 7 ' 'BR'    250  -340   290  -160    100  97  4  10  
  1                                                              
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  97  4  10  
  1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  97  4  10  
  1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  97  4  10  



































D.2.4 CAL3QHC input file for 15 P.M. 
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'Receptor UP '  160. -290.  1.5 
'Receptor DW2'  295. -145.  1.5 
'For 15 to 16 May 2002'  6  4  0  'P' 
  1                                                              
'15 G Petro 3 ' 'BR'    130  -430   230  -360    100  92  4  10  
  1                                                              
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  92  4  10  
  1                                                              
'19 G Petro 7 ' 'BR'    250  -340   290  -160    100  92  4  10  
  1                                                              
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  92  4  10  
  1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  92  4  10  
  1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  92  4  10  



































D.2.5 CAL3QHC input file for 16 P.M. 
 
'PM2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
'Receptor UP '  160. -290.  1.5 
'Receptor DW2'  295. -145.  1.5 
'For 15 to 16 May 2002'  6  2  0  'P' 
  1                                                              






.5    240  2   100  0.0 'Y'  1  -10  10 
  1                                                              
'16 G Petro 4 ' 'BR'    120  -420   220  -350    100  105  4  10 
  1                                                              
'19 G Petro 7 ' 'BR'    250  -340   290  -160    100  105  4  10 
  1                                                              
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  105  4  10 
  1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  105  4  10 
  1                                                              
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  105  4  10 



































D.2.6 CAL3QHC output file for 12 P.M. 
      RUN: For 12 to 13 May 2002                    
erages. 
  ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
S (M)           *    LENGTH  BRG TYPE   
                            *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
    ------------------------*----------------------------------------*--------------------------------------------------------
 
     1. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100.  99.0   4.0 10.0 
     2. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100.  99.0   4.0 10.0 
     3. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100.  99.0   4.0 10.0 
     4. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100.  99.0   4.0 10.0 
     5. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100.  99.0   4.0 10.0 
     6. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100.  99.0   4.0 10.0 
                                                                                                              PAGE  2 
    JOB: PM2.5 Project                                        RUN: For 12 to 13 May 2002                    
    DATE :  7/10/ 2 
    TIME : 22: 2:58 
     RECEPTOR LOCATIONS 
     ------------------ 
                            *           COORDINATES (M)           * 
       RECEPTOR             *      X          Y          Z        * 
   -------------------------*-------------------------------------* 
    1. Receptor UP          *       160.0     -290.0        1.5   * 
    2. Receptor DW2         *       295.0     -145.0        1.5   * 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
               angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
 
JOB: PM2.5 Project                                  
 
      DATE :  7/10/ 2 
      TIME : 22: 2:58 
 
         The MODE flag has been set to P for calculating PM av
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 100. CM 
        U =  1.8 M/S         CLAS =   4  (D)   
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATE



































 WIND ANGLE RANGE: 230.-250. 
 
IND  * CONCENTRATION  
46.  *    0.  146. 
47.  *    0.  138. 
48.  *    0.  130. 
49.  *    0.  122. 
50.  *    0.  114. 
-----*------------ 
AX   *    0.  264. 
EGR. *  230   230 
HE HIGHEST CONCENTRATION OF    264. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
 W
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 230.  *    0.  264. 
 231.  *    0.  259. 
 232.  *    0.  253. 
 233.  *    0.  246. 
 234.  *    0.  240. 
 235.  *    0.  233. 
 236.  *    0.  226. 
 237.  *    0.  219. 
 238.  *    0.  211. 
 239.  *    0.  203. 
 240.  *    0.  196. 
 241.  *    0.  188. 
 242.  *    0.  180. 
 243.  *    0.  168. 
 244.  *    0.  161. 

































D.2.7 CAL3QHC output file for13 P.M. 
   
JOB: PM2.5 Project                                        RUN: For 13 to 14 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
         The MODE flag has been set to P for calculating PM averages. 
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 100. CM 
        U =  1.5 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
VPH    EF      H   W    V/C QUEUE 
                              *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
      ------------------------*----------------------------------------*--------------------------------------------------------
-- 
       1. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100. 103.0   4.0 10.0 
       2. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100. 103.0   4.0 10.0 
       3. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 103.0   4.0 10.0 
       4. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 103.0   4.0 10.0 
       5. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 103.0   4.0 10.0 
       6. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 103.0   4.0 10.0 
 
                                                                                                                PAGE  2 
      JOB: PM2.5 Project                                        RUN: For 13 to 14 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
 
       RECEPTOR LOCATIONS 
       ------------------ 
                              *           COORDINATES (M)           * 
         RECEPTOR             *      X          Y          Z        * 
     -------------------------*-------------------------------------* 
      1. Receptor UP          *       160.0     -290.0        1.5   * 
      2. Receptor DW2         *       295.0     -145.0        1.5   * 
 
       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
 
 122
 WIND ANGLE RANGE: 230.-250. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 230.  *    3.  277. 
 231.  *    3.  269. 
 232.  *    3.  262. 
 233.  *    2.  255. 
 234.  *    2.  247. 
 235.  *    1.  239. 
 236.  *    1.  232. 
 237.  *    1.  224. 
 238.  *    1.  217. 
 239.  *    1.  210. 
 240.  *    1.  203. 
 241.  *    0.  195. 
 242.  *    0.  189. 
 243.  *    0.  180. 
 244.  *    0.  174. 
 245.  *    0.  167. 
 246.  *    0.  161. 
 247.  *    0.  155. 
 248.  *    0.  149. 
 249.  *    0.  143. 
 250.  *    0.  137. 
 ------*------------ 
 MAX   *    3.  277. 
 DEGR. *  230   230 
 























D.2.8 CAL3QHC output file for14 P.M. 
   
JOB: PM2.5 Project                                        RUN: For 14 to 15 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
         The MODE flag has been set to P for calculating PM averages. 
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 100. CM 
        U =  2.3 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
VPH    EF      H   W    V/C QUEUE 
                              *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
      ------------------------*----------------------------------------*--------------------------------------------------------
-- 
       1. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100.  97.0   4.0 10.0 
       2. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100.  97.0   4.0 10.0 
       3. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100.  97.0   4.0 10.0 
       4. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100.  97.0   4.0 10.0 
       5. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100.  97.0   4.0 10.0 
       6. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100.  97.0   4.0 10.0 
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      JOB: PM2.5 Project                                        RUN: For 14 to 15 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
 
       RECEPTOR LOCATIONS 
       ------------------ 
                              *           COORDINATES (M)           * 
         RECEPTOR             *      X          Y          Z        * 
     -------------------------*-------------------------------------* 
      1. Receptor UP          *       160.0     -290.0        1.5   * 
      2. Receptor DW2         *       295.0     -145.0        1.5   * 
 
       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
 
 124
 WIND ANGLE RANGE: 230.-250. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 230.  *    2.  175. 
 231.  *    2.  170. 
 232.  *    2.  166. 
 233.  *    1.  161. 
 234.  *    1.  156. 
 235.  *    1.  151. 
 236.  *    1.  147. 
 237.  *    1.  142. 
 238.  *    1.  137. 
 239.  *    0.  133. 
 240.  *    0.  128. 
 241.  *    0.  123. 
 242.  *    0.  119. 
 243.  *    0.  114. 
 244.  *    0.  110. 
 245.  *    0.  106. 
 246.  *    0.  102. 
 247.  *    0.   98. 
 248.  *    0.   94. 
 249.  *    0.   90. 
 250.  *    0.   87. 
 ------*------------ 
 MAX   *    2.  175. 
 DEGR. *  230   230 
 























D.2.9 CAL3QHC output file for15 P.M. 
 
JOB: PM2.5 Project                                        RUN: For 15 to 16 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
         The MODE flag has been set to P for calculating PM averages. 
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 100. CM 
        U =  2.0 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
VPH    EF      H   W    V/C QUEUE 
                              *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
      ------------------------*----------------------------------------*--------------------------------------------------------
-- 
       1. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100.  92.0   4.0 10.0 
       2. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100.  92.0   4.0 10.0 
       3. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100.  92.0   4.0 10.0 
       4. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100.  92.0   4.0 10.0 
       5. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100.  92.0   4.0 10.0 
       6. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100.  92.0   4.0 10.0 
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      JOB: PM2.5 Project                                        RUN: For 15 to 16 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 2:59 
 
 
       RECEPTOR LOCATIONS 
       ------------------ 
                              *           COORDINATES (M)           * 
         RECEPTOR             *      X          Y          Z        * 
     -------------------------*-------------------------------------* 
      1. Receptor UP          *       160.0     -290.0        1.5   * 
      2. Receptor DW2         *       295.0     -145.0        1.5   * 
 
       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
 
 126
 WIND ANGLE RANGE: 230.-250. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 230.  *    2.  191. 
 231.  *    2.  186. 
 232.  *    2.  181. 
 233.  *    2.  176. 
 234.  *    1.  171. 
 235.  *    1.  166. 
 236.  *    1.  160. 
 237.  *    1.  155. 
 238.  *    1.  150. 
 239.  *    1.  145. 
 240.  *    0.  140. 
 241.  *    0.  135. 
 242.  *    0.  130. 
 243.  *    0.  125. 
 244.  *    0.  120. 
 245.  *    0.  116. 
 246.  *    0.  111. 
 247.  *    0.  107. 
 248.  *    0.  103. 
 249.  *    0.   99. 
 250.  *    0.   95. 
 ------*------------ 
 MAX   *    2.  191. 
 DEGR. *  230   230 
 























D.2.10 CAL3QHC output file for16 P.M. 
 
JOB: PM2.5 Project                                        RUN: For 15 to 16 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 3: 0 
 
         The MODE flag has been set to P for calculating PM averages. 
 
       SITE & METEOROLOGICAL VARIABLES   
       ------------------------------- 
       VS =    .0 CM/S       VD =    .0 CM/S       Z0 = 100. CM 
        U =  2.3 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
         LINK DESCRIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
VPH    EF      H   W    V/C QUEUE 
                              *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
      ------------------------*----------------------------------------*--------------------------------------------------------
-- 
       1. 15 G Petro 3        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100. 105.0   4.0 10.0 
       2. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100. 105.0   4.0 10.0 
       3. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 105.0   4.0 10.0 
       4. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 105.0   4.0 10.0 
       5. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 105.0   4.0 10.0 
       6. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 105.0   4.0 10.0 
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      JOB: PM2.5 Project                                        RUN: For 15 to 16 May 2002                    
 
      DATE :  7/10/ 2 
      TIME : 22: 3: 0 
 
 
       RECEPTOR LOCATIONS 
       ------------------ 
                              *           COORDINATES (M)           * 
         RECEPTOR             *      X          Y          Z        * 
     -------------------------*-------------------------------------* 
      1. Receptor UP          *       160.0     -290.0        1.5   * 
      2. Receptor DW2         *       295.0     -145.0        1.5   * 
 
       MODEL RESULTS 
       ------------- 
 
       REMARKS : In search of the angle corresponding to 
                 the maximum concentration, only the first 
                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
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 WIND ANGLE RANGE: 230.-250. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 230.  *    2.  189. 
 231.  *    2.  184. 
 232.  *    2.  179. 
 233.  *    2.  174. 
 234.  *    1.  169. 
 235.  *    1.  164. 
 236.  *    1.  159. 
 237.  *    1.  153. 
 238.  *    1.  149. 
 239.  *    1.  143. 
 240.  *    0.  139. 
 241.  *    0.  133. 
 242.  *    0.  129. 
 243.  *    0.  123. 
 244.  *    0.  119. 
 245.  *    0.  115. 
 246.  *    0.  110. 
 247.  *    0.  106. 
 248.  *    0.  102. 
 249.  *    0.   98. 
 250.  *    0.   94. 
 ------*------------ 
 MAX   *    2.  189. 
 DEGR. *  230   230 
 
 THE HIGHEST CONCENTRATION OF    189. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
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    JOB: PM2.5 Project                                        RUN: For 15 to 16 May 2002                    
     METEOROLOGICAL VARIABLES   
     ------------------------ 
      U =  2.5 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
               angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
IND ANGLE RANGE: 230.-250. 





















 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
-----*------------ 
31.  *    2.  170. 
0.  123. 
0.  119. 
9.  *    0.   90. 
 -
 230.  *    2.  175. 
 2
 232.  *    2.  166. 
 233.  *    1.  161. 
234.  *    1.  156.  
 235.  *    1.  151. 
236.  *    1.  147.  
 237.  *    1.  142. 
 238.  *    1.  137. 
 239.  *    0.  133. 
 240.  *    0.  128. 
 241.  *    
242.  *     
 243.  *    0.  114. 
.  244.  *    0.  110
 245.  *    0.  106. 
 246.  *    0.  102. 
 247.  *    0.   98. 
 248.  *    0.   94. 
 24
 250.  *    0.   87. 
 ------*------------ 
 MAX   *    2.  175. 
 DEGR. *  230   230 
 


























D.3 Stable atmospheric conditions immediately after a heavy rain 
or 6 A.M.D.3.1CAL3QHC input file f  
00.  0. 0.  2  1.0 0 0 
. -290.  1.5 
0. -430.  1.5 
2002'  10  1  0  'P' 
    160  -460   260  -390    100  185  4  10  
                                    
    150  -450   250  -380    100  185  4  10  
                                    
    130  -430   230  -360    100  185  4  10  
                                    
    120  -420   220  -350    100  185  4  10  
                                    
    280  -370   320  -180    100  185  4  10  
                                    
    270  -360   310  -170    100  185  4  10  
                                    
    250  -340   290  -160    100  185  4  10  
                                    
'    240  -330   280  -150    100  185  4  10  
                                     
'    210  -240   230  -170    100  185  4  10  
                                 
 170  -270   200  -320    100  185  4  10  
.5    20  6   100  0.0 'Y'  1  -10  10 
 
 
'PM2.5 Project' 2. 1
'Receptor UP '  160
'Receptor DW '  25
'For 06 to 07 June 
  1 
'13 G Petro 1 ' 'BR'
  1                          
'14 G Petro 2 ' 'BR'
  1                          
'15 G Petro 3 ' 'BR'
  1                          
'16 G Petro 4 ' 'BR'
  1                          
'17 G Petro 5 ' 'BR'
  1                          
'18 G Petro 6 ' 'BR'
  1                          
'19 G Petro 7 ' 'BR'
  1                          
'20 G Petro 8 ' 'BR
  1                         
'21 G Petro 9 ' 'BR
  1                             

























D.3.2 CAL3QHC output file for 6 A.M. 
t                                        RUN: For 06 to 07 June 2002                   
2 
lag has been set to P for calculating PM averages. 
OROLOGICAL VARIABLES   
-------------- 
S       VD =    .0 CM/S       Z0 = 100. CM 
        CLAS =   6  (F)     ATIM =   2. MINUTES     MIXH =   100. M   AMB =   .0 
BLES 
RIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
    V/C QUEUE 
 *   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
------*----------------------------------------*--------------------------------------------------------
1        *    160.0    -460.0     260.0    -390.0 *     122.    55. BR    100. 185.0   4.0 10.0 
     *    150.0    -450.0     250.0    -380.0 *     122.    55. BR    100. 185.0   4.0 10.0 
     *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100. 185.0   4.0 10.0 
0.0 
0.0 
     6. 18 G Petro 6        *    270.0    -360.0     310.0    -170.0 *     194.    12. BR    100. 185.0   4.0 10.0 
     7. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 185.0   4.0 10.0 
     8. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 185.0   4.0 10.0 
     9. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 185.0   4.0 10.0 
    10. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 185.0   4.0 10.0 
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    JOB: PM2.5 Project                                        RUN: For 06 to 07 June 2002                   
    DATE :  7/10/ 2 
    TIME : 21:59:23 
     RECEPTOR LOCATIONS 
     ------------------ 
                            *           COORDINATES (M)           * 
       RECEPTOR             *      X          Y          Z        * 
   -------------------------*-------------------------------------* 
    1. Receptor UP          *       160.0     -290.0        1.5   * 
    2. Receptor DW          *       250.0     -430.0        1.5   * 
     MODEL RESULTS 





      DATE :  7/10/ 
      TIME : 21:59:23 
 
         The MODE f
 
       SITE & METE
       -----------------
       VS =    .0 CM/
        U =  2.5 M/S 
ug/m**3 
 
       LINK VARIA
       -------------- 
         LINK DESC
VPH    EF      H   W
                             
      ------------------
-- 
       1. 13 G Petro 
       2. 14 G Petro 2   
       3. 15 G Petro 3   
       4. 16 G Petro 4        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100. 185.0   4.0 1


























       REMARKS : In search of the angle corresponding to 




IND ANGLE RANGE:  10.- 30. 
  
--*------------ 
30.  *  345.  116. 
-----*------------ 
AX   *  345. 1725. 
EGR. *   30    15 
HE HIGHEST CONCENTRATION OF   1725. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                 angle, of the angles with same maxim
                 concentrations, is indicated as maxim
 W
 
 WIND  * CONCENTRATION
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ----
  10.  *    1. 1147. 
  11.  *    1. 1230. 
  12.  *    2. 1375. 
  13.  *    3. 1535. 
  14.  *    4. 1664. 
  15.  *    6. 1725. 
  16.  *    9. 1707. 
  17.  *   13. 1616. 
  18.  *   17. 1473. 
  19.  *   23. 1304. 
  20.  *   30. 1130. 
  21.  *   38.  965. 
  22.  *   48.  816. 
  23.  *   59.  685. 
  24.  *   75.  570. 
  25.  *   96.  467. 
  26.  *  127.  376. 
  27.  *  168.  295. 
  28.  *  220.  225. 
























D.4 Unstable atmospheric conditions immediately after a heavy rain 
.4.1 CAL3QHC input file for 17 P.M.D  
M2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
90.  1.5 
-240.  1.5 
  4  10  
                                                  
-420   220  -350    100  116  4  10  
                        
                                                             
 
'P
'Receptor UP '  160. -2
'Receptor DW3'  295. 
'For 17 to 18 May 2002'  8  2  0  'P' 
  1                                                              
'13 G Petro 1 ' 'BR'    160  -460   260  -390    100  116
  1                                                              
'14 G Petro 2 ' 'BR'    150  -450   250  -380    100  116  4  10  
  1                                                              
'15 G Petro 3 ' 'BR'    130  -430   230  -360    100  116  4  10  
  1            
'16 G Petro 4 ' 'BR'    120  
  1                                      
'19 G Petro 7 ' 'BR'    250  -340   290  -160    100  116  4  10  
  1                                                              
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  116  4  10  
  1                                                              
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  116  4  10  
  1 
'22 G Petro10 ' 'BR'    170  -270   200  -320    100  116  4  10  
 1.2    315  4   100  0.0 'Y'  1  -10  10 
































M2.5 Project' 10. 100.  0. 0.  2  1.0 0 0 
eceptor UP '  160. -290.  1.5 
or 18 to 19 May 2002'  8  2  0  'P' 
            
-460   260  -390    100  129  4  10  
                        
'    150  -450   250  -380    100  129  4  10  
                                    
    130  -430   230  -360    100  129  4  10  
                                    
    120  -420   220  -350    100  129  4  10  
                                    
    250  -340   290  -160    100  129  4  10  
                                   
                                   
                                   
'    170  -270   200  -320    100  129  4  10  
 0.0 'Y'  1  -10  10 
 0.0 'Y'  1  -10  10 
'R
'F
eceptor DW3'  295. -240.  1.5 
  1                                      
'13 G Petro 1 ' 'BR'    160  
            
  1                        
'14 G Petro 2 ' 'BR
              
  1                          
'15 G Petro 3 ' 'BR'
  1                          
'16 G Petro 4 ' 'BR'
  1                          
'19 G Petro 7 ' 'BR'
  1                           
'20 G Petro 8 ' 'BR'    240  -330   280  -150    100  129  4  10  
  1                           
'21 G Petro 9 ' 'BR'    210  -240   230  -170    100  129  4  10  
  1                         
'22 G Petro10 ' 'BR
  
 0.8    289  2   100 





























D.4.3 CAL3QHC output file for17 P.M. 
 
 
B: PM2.5 Project                                        RUN: For 17 to 18 May 2002                    
r calculating PM averages. 
TES     MIXH =   100. M   AMB =   .0 
 (M)           *    LENGTH  BRG TYPE   
 (DEG)            (G/MI)   (M) (M)       (VEH) 
-----------------------------------------------------
     122.    55. BR    100. 116.0   4.0 10.0 
     122.    55. BR    100. 116.0   4.0 10.0 
30.0     230.0    -360.0 *     122.    55. BR    100. 116.0   4.0 10.0 
20.0     220.0    -350.0 *     122.    55. BR    100. 116.0   4.0 10.0 
     5. 19 G Petro 7        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 116.0   4.0 10.0 
     6. 20 G Petro 8        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 116.0   4.0 10.0 
     7. 21 G Petro 9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 116.0   4.0 10.0 
     8. 22 G Petro10        *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 116.0   4.0 10.0 
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    JOB: PM2.5 Project                                        RUN: For 17 to 18 May 2002                    
    DATE :  7/11/ 2 
    TIME : 23:44:10 
     RECEPTOR LOCATIONS 
     ------------------ 
                            *           COORDINATES (M)           * 
       RECEPTOR             *      X          Y          Z        * 
   -------------------------*-------------------------------------* 
    1. Receptor UP          *       160.0     -290.0        1.5   * 
    2. Receptor DW3         *       295.0     -240.0        1.5   * 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
JO
 
      DATE :  7/11/ 2 
      TIME : 23:44:10 
 
         The MODE flag has been set to P fo
 
IABLES          SITE & METEOROLOGICAL VAR
       ------------------------------- 
       Z0 = 100. CM        VS =    .0 CM/S       VD =    .0 CM/S
        U =  1.2 M/S         CLAS =   4  (D)     ATIM =  10. MINU
ug/m**3 
 
       LINK VARIABLES 
       -------------- 
K COORDINATES         LINK DESCRIPTION     *         LIN
VPH    EF      H   W    V/C QUEUE 
       Y2     *     (M)                                *   X1        Y1        X2 
      ------------------------*----------------------------------------*---
-- 
       1. 13 G Petro 1        *    160.0    -460.0     260.0    -390.0 *
450.0     250.0    -380.0 *       2. 14 G Petro 2        *    150.0    -
       3. 15 G Petro 3        *    130.0    -4



























                 angle, of the angles with same maximum 
                 concentrations, is indicated as maximum. 
22.  *    0.  439. 
23.  *    0.  440. 
24.  *    0.  440. 
25.  *    0.  440. 
-----*------------ 
AX   *    0.  462. 
EGR. *  305   305 
HE HIGHEST CONCENTRATION OF    462. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
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    JOB: PM2.5 Project                                        RUN: For 17 to 18 May 2002                    
     METEOROLOGICAL VARIABLES   
     ------------------------ 
      U =  1.2 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
               angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
 
 
 WIND ANGLE RANGE: 305.-325. 
 
 WIND  * CONCENTRATION  
 ANGLE *      (ug/m**3) 
 (DEGR)* REC1  REC2  
 ------*------------ 
 305.  *    0.  462. 
 306.  *    0.  462. 
 307.  *    0.  461. 
 308.  *    0.  460. 
 309.  *    0.  459. 
 310.  *    0.  458. 
 311.  *    0.  456. 
 312.  *    0.  455. 
 313.  *    0.  453. 
 314.  *    0.  452. 
 315.  *    0.  450. 
 316.  *    0.  449. 
 317.  *    0.  447. 
 318.  *    0.  445. 
 319.  *    0.  443. 
 320.  *    0.  442. 




























 WIND ANGLE RANGE: 240.-260. 
 
IND  * CONCENTRATION  
NGLE *      (ug/m**3) 
42.  *    1.  396. 
44.  *    0.  386. 




 (DEGR)* REC1  REC2  
------*------------  
 240.  *    1.  400. 
 241.  *    1.  398. 
 2
 243.  *    0.  388. 
 2
 245.  *    0.  384. 
 246.  *    0.  382. 
 247.  *    0.  380. 
 248.  *    0.  379. 
 249.  *    0.  377. 
 2
 251.  *    0.  373. 
 252.  *    0.  372.
 253.  *    0.  371. 
 254.  *    0.  369. 
 255.  *    0.  368. 
 256.  *    0.  367. 
 257.  *    0.  366. 
 258.  *    0.  365. 
 259.  *    0.  365. 
 260.  *    0.  364. 
 ------*------------ 
 MAX   *    1.  400. 
 DEGR. *  240   240 
 























D.4.4 CAL3QHC output file for18 P.M. 
 
 
JOB: PM2.5 Project                                        RUN: For 18 to 19 May 2002                    
lag has been set to P for calculating PM averages. 
OROLOGICAL VARIABLES   
-------------- 
S       VD =    .0 CM/S       Z0 = 100. CM 
       CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
BLES 
RIPTION     *         LINK COORDINATES (M)           *    LENGTH  BRG TYPE   
    V/C QUEUE 
*   X1        Y1        X2        Y2     *     (M)   (DEG)            (G/MI)   (M) (M)       (VEH) 
------*----------------------------------------*--------------------------------------------------------
        *    160.0    -460.0     260.0    -390.0 *     122.    55. BR    100. 129.0   4.0 10.0 
        *    150.0    -450.0     250.0    -380.0 *     122.    55. BR    100. 129.0   4.0 10.0 
        *    130.0    -430.0     230.0    -360.0 *     122.    55. BR    100. 129.0   4.0 10.0 
        *    120.0    -420.0     220.0    -350.0 *     122.    55. BR    100. 129.0   4.0 10.0 
        *    250.0    -340.0     290.0    -160.0 *     184.    13. BR    100. 129.0   4.0 10.0 
        *    240.0    -330.0     280.0    -150.0 *     184.    13. BR    100. 129.0   4.0 10.0 
9        *    210.0    -240.0     230.0    -170.0 *      73.    16. BR    100. 129.0   4.0 10.0 
      *    170.0    -270.0     200.0    -320.0 *      58.   149. BR    100. 129.0   4.0 10.0 
IONS 
              *           COORDINATES (M)           * 
       RECEPTOR             *      X          Y          Z        * 
   -------------------------*-------------------------------------* 
       160.0     -290.0        1.5   * 
W3         *       295.0     -240.0        1.5   * 
o 
               the maximum concentration, only the first 
 
      DATE :  7/11/ 2 
      TIME : 23:44:
 
10 
         The MODE f
 
       SITE & METE
       -----------------
       VS =    .0 CM/
        U =   .8 M/S  
ug/m**3 
 
       LINK VARIA
       -------------- 
         LINK DESC
VPH    EF      H   W
                              
      ------------------
-- 
       1. 13 G Petro 1
       2. 14 G Petro 2
       3. 15 G Petro 3
       4. 16 G Petro 4
       5. 19 G Petro 7
       6. 20 G Petro
       7. 21 G Petro 
 8
       8. 22 G Petro10  
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      JOB: PM2.5 Project                                        RUN: For 18 to 19 May 2002                    
 
      DATE :  7/11/ 2 
 
 
     TIME : 23:44:10 
 
       RECEPTOR LOCAT
       ------------------ 
                
  
  
      1. Receptor 
      2. Receptor D
UP          *
 
       MODEL RESULTS 




      REMARKS : In search of the angle corresponding t
 139
                 angle, of the angles with same maximum 






EGR. *  279   284 
HE HIGHEST CONCENTRATION OF    582. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
                                                                                                              PAGE  3 
    JOB: PM2.5 Project                                        RUN: For 18 to 19 May 2002                    
     METEOROLOGICAL VARIABLES   
     ------------------------ 
      U =  1.3 M/S         CLAS =   2  (B)     ATIM =  10. MINUTES     MIXH =   100. M   AMB =   .0 
g/m**3 
     MODEL RESULTS 
     ------------- 
     REMARKS : In search of the angle corresponding to 
               the maximum concentration, only the first 
               angle, of the angles with same maximum 
               concentrations, is indicated as maximum. 
  
 
 WIND ANGLE RANGE:
 
 WIND  * CONCE
 ANGLE *      (ug/
 (DEGR)* REC1  R
 ------*------------ 
 279.  *    0.  578. 
 280.  *    0.  580. 
 281.  *    0.  581. 
 282.  *    0.  582. 
 283.  *    0.  582. 
 284.  *    0.  582. 
 285.  *    0.  582. 
 286.  *    0.  581. 
 287.  *    0.  580. 
 288.  *    0.  579. 
 289.  *    0.  578. 
 290.  *    0.  576. 
 291.  *    0.  574. 
 292.  *    0.  572. 
 293.  *    0.  570. 
 294.  *    0.  568. 
 295.  *    0.  566. 
 296.  *    0.  564. 
 297.  *    0.  561. 
 298.  *    0.  560. 
 299.  *    0.  558. 
 -























 WIND ANGLE RANGE: 262.-282. 
 
IND  * CONCENTRATION  
NGLE *      (ug/m**3) 
64.  *    0.  360. 
66.  *    0.  361. 




 (DEGR)* REC1  REC2  
------*------------  
 262.  *    0.  376. 
 263.  *    0.  360. 
 2
 265.  *    0.  360. 
 2
 267.  *    0.  362. 
 268.  *    0.  363. 
 269.  *    0.  364. 
 270.  *    0.  365. 
 271.  *    0.  367. 
 2
 273.  *    0.  370. 
 274.  *    0.  371.
 275.  *    0.  373. 
 276.  *    0.  374. 
 277.  *    0.  376. 
 278.  *    0.  377. 
 279.  *    0.  378. 
 280.  *    0.  379. 
 281.  *    0.  379. 
 282.  *    0.  380. 
 ------*------------ 
 MAX   *    0.  380. 
 DEGR. *  262   282 
 
 THE HIGHEST CONCENTRATION OF    380. ug/m**3 OCCURRED AT RECEPTOR REC2 . 
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